


tere week 








- 


THE FEBRUARY 


SCIENTIFIC 
MONTHLY 


EDITED BY J. MCKEEN CATTELL 


THE ATLAS MOUNTAINS OF MOROCCO, Proressor ANDREW C, 


LAWSON 97 
ON THE TRAIL OF VAN LEEUWENHOEK. Dr. Jonn BETHUNE 

STEIN lif 
THE TOPOGRAPHIC BASE MAP OF THE UNITED STATES. 

Curer J. G. STAACK l: 
SOLID MATTER: WHAT IS IT, AND WHY? Dr. Mavrice L. 

HUGGINS 0) 
SOME OBSERVATIONS ON BUTTERFLY MIGRATIONS. AvstTIN 

H. CLARK l 
MENTAL DIFFERENCES AND FUTURE SOCIETY. Dean ARLAND 

D. WEEKS L5¢ 
THE DEVELOPMENT OF A MAGIC FORMULA. Ear H. Bet 162 
SCIENCE SERVICE RADIO TALKS: 

PLUMBING THE DEPTHS OF THE EARTH. Proressor Kirt 

165 


LEY F. MATHER 
WHAT GERMS ARE MADE OF. Dr. Wa. CHARLES WHITE 169 


SOME POPULAR MISCONCEPTIONS ABOUT THE AMER- 
ICAN INDIAN. Curer M. W. StTiRuine 172 


A DWELLER IN THE PINEY WOODS. Dr. FrANcis Harper 176 


THE PROGRESS OF SCIENCE: 
The Cleveland Meeting of the American Association for the Ad 
vancement of Science and Associated Societies; The Science Ezx- 
hibition; The Eighth Award of the American Association Prize; 


The Award of the Nobel Prize in Medicine to Dr. Hans Fischer 182 


THE SCIENCE PRESS 
LANCASTER, PA.—GRAND CENTRAL TERMINAL, N. Y. CITY—GARRISON, N. Y, 


Yearly Subscription $5.00 Single Copies 50 cents 








NEW BOOKS OF SCIENTIFIC INTEREST 


Sons of the Earth. Kirtiey F. MATHER. xv+ 
272 pp. Illustrated. $3.50. W. W. Norton and 
Company. 

A geologist’s view of history, told from the author's 
adventures among the tracks of prehistoric man and 
animals left on rocks and in river-beds. The book 


has been written for the intelligent layman. 
The Adventure of Science. BENJAMIN GINZBURG. 


xvi+487 pp. $5.00. Simon and Schuster. 


The author follows the story of the development of 
all science from Pythagoras to Einstein, in language 
easily understandable to the layman. His intention 
has been to portray science in the making, thus trac- 
ing it as a human activity and a branch of culture. 


9o”7 


Soil. Arcuer BuTLER HULBERT. x+227 pp. II- 
lustrated. $2.50. Yale University Press. 


This book discusses the influence of soil on the his- 
tory of the United States, with special reference to 
migration and the scientific study of local history. 
The author touches as well on the part played by 


climatic, botanic and hydrographic factors. 


Patent Rights for Scientific Discoveries. C. J. 
HAMSON. xvii+286 pp. $5.00. Bobbs-Merrill 
Company. 

This monograph treats the question of legal protec- 
tion for the formulator of a scientific discovery or 
idea. The author also sketches in detail the history 
of the movement in Europe, and the measures that 
have been proposed there. 


Clio Medica. Edited by E. B. KruMBHaAar. 
$1.50 per volume. Paul B. Hoeber. 


Essays in the history of medicine presented in a 
concise and readable form for the general reader. 
Anatomy. George W. Corner. xvii+ 82 pp. Illus- 
trated. Internal Medicine. Sir Humphry Rolleston. 
ix + 92 pp. 


Lane Lectures on Experimental Pharmacology 
and Medicine. Rupo_F MaGnus. 108 pp. $1.50. 
Stanford University Press. 


This book contains three Lane Medical Lectures 
for 1927 which were to have been given by Professor 
Magnus, who died in July of that year. A biograph- 
ical sketch has been included, together with an au- 
thentiec list of his works. 


The World’s Economic Dilemma. Ernest MINOR 
PATTERSON. vii+323 pp. $3.50. Whittlesey 
House. 


This volume discusses the problems of interna- 
tional relations from an economic view-point. The 
world’s economic dilemma is stated and its difficul- 
ties emphasized, illustrations are presented and some 
of the recent attempts towards its solution are re- 
corded. 


Our New Ways of Thinking. Geror«¢! 
194 pp. $2.50. Harper & Brothers 


In this book the author attempts to 
evolution of the mind. He treats the cl 
our methods, our goals and the rest 
thoughts have undergone, and then tel 


should use our new mental equipment 
Rubber. José CARLOS DE MAcEpDo Sos 
93 pp. $3.00. Richard R. Smith. 


An economic and statistical study of t! 
of rubber production in Brazil. The auth 
the history and causes of the decline of t 
try, the growth of competition and the 1 


the triumph of Brazil’s competitors. 


Mendel’s Principles of Heredity. W. 
Fourth Impression. xiv+413 pp. I 
$5.00. Macmillan Company. 


The object of this book is to give a br 
of discoveries in regard to heredity made | 
plication of Mendel’s method of research 
tion of Mendel’s two papers together v 
graphical note are appended. 


Ancient Life in the American Southwest 
L. HEWETT. xvii+392 pp. llustrate 
Bobbs-Merrill Company. 

An anthropological and archeological 
the American Southwest. The book is 
the three parts: General History of t! 
Race; Contemporary Ancestry; The R« 
and Spade. 


Physique and Intellect. Donatp G. |! 
xxvii +304 pp. Illustrated. $2.50. Ce 
pany. 


+} 


This is a comprehensive analysis of 
between physical and mental traits in c! 
in adults. The discussions are based on 
studies conducted during the past forty 
scientists in many related fields. 


Albert Einstein. ANTON REISER. xix 
$2.50. Albert and Charles Boni. 


A biographical portrait, written by one \ 
him intimately. It relates his early life, | 
formulation of the theory of relativity and 
him as he is to-day. With an introductor 


Dr. Einstein. 


The Marks of an Educated Man. 
EpwWArRD WIGGAM. x+339 pp. $3.0 
Merrill Company. 


The author gives his conception of th: 
man, and points out that open-mindednes 
desire to become educated is, in itself 
Presented in the hope that education 
worthwhile, attractive and attainable to t! 
man. 











THE SCIENTIFIC MONTHLY 


THE ATLAS MOUNTAINS OF MOROCCO 


By Professor ANDREW C. LAWSON 














C a ips Based onthe maz le Ser . eraD 
~ a ————— J 











9S THE SCIENTIFIC MONTHLY 


! Ol 1) ! | S mits lM l! ! iM 2 J 
t} soutl ! nadeterminat Whe | 1 S tl 
\loroe nds nd Sal begins ap The R Ss tl Mon seg) 
pears 1 ry mat ! ho p Dal rane ( s Col 
mportan Europe and Af s 

I} \tlas Mountains nelud Ml Gibraltar and the subi 

e syste 3 Snasse? { 0 ( ( S , 

tha Moroes rol s soutl by nol lan 

est rner on tl \tlantie te s nortl , pitate vl . | 

st on tl \Mediterrat n, Tl ne! re gentile slop I it 
trend bei E.NI nad the ! Is traversed | in Sel 
flay d on both sides by p nad Which sepal s the i 
plains of « S morphic char ! \tlas his p 
The eulmu peaks and ridges ris nad constrict to 1 s 

altitudes of about 4.000 meters In affords the o1 easv route Tol 
their deseriptions « \oroce ina n land b yee! ster Mon 
their maps t} eount O rapners Alger It has l { I SO! 
have divided thre Atlas into Three a great role in the liste I’ f \ 
ranges 1) A central range known as”~ and until recent vears as p 
the Grand or Hiegl Atlas: 2 the and commereia vy the mos 
Moyen Atlas, lying to the northwest of — part of the countr The ancient 
the Grand Atlas in northern Morocco tal cities of Fez and Meknés 
and separated from 1t ONIN by the upper ated on this plateau To-day 
reaches of two opposed streams, the el Important commercial city -_ 
Abid flowing southwest and the Mou blanca on the <Atlantie seaboar 
louva flowing northeast; (3) the Anti the chief political center is Rabat 
Atlas, lving to the southeast of the on the coast 87 km to the nort 
soutl end of the Grand Atlas and sepa which is the seat of the Ir ne 


rated from it only by the upper reaches  deney 
ot two opposed streams, the Sous and The formations which e 
the Dra The general trend of the make-up of the Atlas fall 
Grand Atlas is slightly concave to the groups. The first o hese ¢01 
northwest, and the bearing of the range certain’ pre-Cambrian granites 
is a few degrees more nearly east-west schists of limited extent, a v 
than either the Moyen Atlas or the development of Cambrian quart 
Anti Atlas shales and limestones, and less ext 
The Rif Mountains in. northern’§=§ areas of Silurian. Devonian and 
Morocco have a trend parallel to the  boniferous strata. The rocks 
coneave Mediterranean coast, and ap group were acutely deformed 


‘ 


pear on the map to be independent of time of the Hereynian revoluti 


the Atlas. They are an extension into the resulting mountains, oecup: 


Afriea of the Bétie range of southern region very much more extensi\ 
Spain The structural ridges of the the present Atlas, were reduced 


Bétic range curve around to a north-  peneplain. On this peneplain 


1 


south trend in the vicinity of Gibraltar, tieularly in a geosvyneline for 





and the formations which constitute the depression of a part of it 
them appear with the same trend on the lated the formations of the s 
south side of the strait, whence, curving group. These comprise the cont 


easterly and then northeasterly in a deposits, fanglomerates. red beds 





| 
| 
| 








ATLAS MOUNTAINS OF 


Pe rit ry s rie a ' ~ rhe 
| Irassle (1 I Ss |: ( } it 
mie I Alpn R , , 
SVrie he ¢ pS 1 KS ¢ 1) 
ips were ] ! ! SS té res 
rig i Nl ) , + ’ 
{ Thre cy ~ re } ) ~ 
at .{ rhe?) } IS str . + 
‘ tT! ‘ \ Pll ) ? r ? ) 
} xT 1) ( wt eng } 
’ } iS 0 ‘| x I<") } 
SI (| to tl t} S vy \1 S 
TI retint rh) ~~ ? ri< 
4 t Ss Ss ! l¢ ye! ! 
7" ? } } T ‘ T ~ Ih) 
i | l Sli ! S 1 1 sn ? ~ 
~ hee} ? if t) or wie 1? at) " 
flanking reo mS Sine | A\ pit ! ) 
} t} surt parts ros . 
! \ Ve hye ! ‘ ? rv} ’ | parab 
resent Other parts were « press t S 
ddle Tert ir! tin in iS n tT! Lpoil 
! hort \leknés ne CZ he n tT! } 
1) ments hel ST? tS thre \l ocen thy; 1) 


this paper 


; t +} 


ure © 


Mesozoic and 


ne Revolution t tl Atlas 
It is the purpos morpli 
how TI iT whils The Ti 
Ss, as displayed i the f 
! lerti irvy ftorma Ss t 
ra’ 


MA? 


/ Océ , 


LOOKING FROM TANGIER TT 


cys 


WOROCCEO 


| 
N 
‘ I] 
post-P 
\ 











100 THE SCLENTIFIC MONTHLY 

















FIG. 5 SEAWARD DIP 


) \ 


should have endured so long, when the 
much more extensive Hereynian Moun 
tains, formed in the late Carboniferous 
in the same region, were reduced to a 
peneplain in time to receive a veneer of 
continental deposits in’ the Permian 
For a range of such antiquity he expects 
wide valleys and rounded past-mature 
divides, graded streams and gentle, soil- 
covered slopes Finding instead of 
these the incisiveness of new dissection, 
steep rocky canyon walls and, in the 
Anti Atlas, remnants of an overarching 
peneplain which truncates the Alpine 
structures, he is foreed to the hypothe 
sis of geologically recent rejuvenation 
The formulation of this hypothesis and 
the partial exploitation of the evidence 
which supports it are based on an all 
too scant acquaintance with the region 
obtained by three visits to Moroceo, 
comprising : 1) a trip to Spanish 
Moroeco in 1926 as a participant in an 
excursion organized by the Interna 
tional Geological Congress, meeting at 
Madrid that vear; (2 
siens in Moroeco, Algeria and Tunis in 
12"; and (3) an excursion into the 


various excur- 


\ 


SANDSTO = nA 


Atlas in 1930 under the leaders! 
Messrs. L. Neltner and E. Roel 
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written guide for the exeursion of 1 
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Maroc, ¢ 
dressée et publice par le Service | 
graphique du Maroe Echell 
1.000.000 Rabat 1930: Carte 


available to mee are 


logique provisoire du Maroe par | 
1: 1.500.000 Paris 1920. ( 


Gentil. 
quis geologique de la zone francais 
Maroe, 1: 3,500,000, issued to the 


SLONISTS ot 1930 


Mueh of the evidence to which | 
consists of facts well known to M 
can geologists, but the conelusion 


duced from that evidence, as 
rejuvenation of the Atlas. is nev 
The evidence of uplift of the 
northwest of the Atlas is very | 
although its extent may not be 


‘Les grandes lignes dé i géog 


Maroc,’’ 2e Ed Paris, 192 
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well 


at Petitjean the railway crosses a 


defined, broadly dissected plain which 
slopes up eastward from the eoast to 
elevations of over 65 m. This plain 


folded 
veneered locally 


It is 


truncates Tertiary strata and 1s 


with fluviatile gravels 
considerable 
the Atlantie, 
five of them draining the western end of 
the Rit the the 
draining by one of its branches the 


traversed by six 
west to 


streams flowing 


ana Sebou. 


largest, 


south flank of the Rif and by the other 
the north end of the Moyen Atlas 
These streams in their lower reaches not 
only dissect the upland, but have 
evolved broad flood-plains along their 
COUTSeS It appears probable that both 
wave and stream were concerned in the 


planation so apparent in this upland 
Its present hypsometric position and its 
Tact 


full measure of uplift 


prove the 
The 


this 


f uphit of at 


dissect Ion 
least 65 m 
may be twice 


ry 
| he 


the plain are well 


Tertiary sandstones underlying 
exposed on the Coast 
Fig. 5. Here the 


strata is much 


at Rabat as shown in 
dip of the 
steeper than the slope ot the plain. A 


seaward 


plain in profile from 
the 


fine view of the 


Rabat looking north across river 
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the surface shown here in profi 


cates the strata of 
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but they are probably pre-Pliocer 

This 


northern 


Kie. 5. The 
strata is not known to th 
dissected 
the 
which extends along the 
of Rabat The 
Plain in the latitude of 
Settat it is 950 


stream plain 


facies of Maritime 
coast sout 
the M 
Petitjear 


km 


width of 
km; af and 
2) km. bevond which it tapers a 
Central Platea 
the Atlas, and the At 


lies between the 

parallels 

coast 
The 


Maritime Plain is the 
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feature of ehief interest 
venee} 


Pliocene deposits which. Wi 
discontinuit 
The int 
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continuity Ol 


interruptions and 


tends over its surface 
the 


the Phoeene formations are dur 


tions in eXPOs 


High areas or inliers of the und 


Phlioe l 


erosion. 


basement from which the 


have been removed by 
which they were never depositer 
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Deltaic 
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Rbia; (2 


alluvium, as In 
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en cut in the seaward slope 


of a peneplain that extends over this 
| 

end of the Atlas. and attains an altitude 
aD over TOO Ters A skete! | an 
ast-west profile throug Cape (;ulr 
show lne ThleNe reatures IS wrivel 1! 
ie. S 

In the valle ot the YUeZOU nortl 


of Tamanar there is a_ fine display ot 


Wicit Stream terraces corresponding To 


the 5O-meter marine terrace at Cape 


Guir Below this is a narrow terrace at 


about 2) meters above the stream 


Looking up t} IS valley Prom ra Conn 


mandineg pont thre upper terrace Is seen 
to be a very extensive, wide valley floor 


ending in a gap in the skyline profile of 


a high dominating peneplain The 
stream has a sinuous course through the 
Since the 


floor 


caused its dissection, and the 


old valley land terrace Was 


the functional valley uplift has 
present 
narrow stream gorge proclaims in elo 

quent terms its extreme youth 
On the way Trom Movodor to Safi the 
road parallels the coast about 15 km in 
land At about one third of the dis 
tance it climbs to a flat divide on the 
then de 


seends to the vallev of the river Tensift 


surface of a peneplain, and 
The peneplain truneates folded rocks 
and is maturely dissected in its higher 
parts. A large area of it to the west of 
the road overlooks the sea. and the short 
streams in their lower reaches flow in 
sharp gorges. The general elevation of 
the surface near the about 
500 m 


coast IS 


Toward the south it rises to 
over 1,000 m and extends over the west 
ern end of the Atlas. It is probably a 
warped surface 

This upland, which may be conveni 
ently called the Chiadma peneplain, is 
bounded on the north by the broad east 
Tensift, which drains 
the Grand Atlas south and east of Mar 


On the north side of that val 


west valley of the 


rakech. 
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( the correlative ot Chia 
plain is the Cent Plateau 
reference has alread) heen n 

Is a steppe land, wit di 
climate, thinl populated al 
adapted ror vrazing thar 

and so presents a striking cont 
the fertile, more humid Maritin 


It lies between the 


Maritime af 


the Atlas but IS separated 
mountains in its southern part 
tended depressions at the bas 
latter, in which are deploved 
plains of the middle reaches « 
sift and the Oum er Rbia The 


Plateau extends northeast fron 
ley ot the 
of the 


Tensift to the souther? 
Rif. where it is traversed 
Sebou River. In its northern p 
distinetion between the plateau 
Moyen Atlas is not easy sine 


face of the 
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former slopes up tow 


mountains and extend Ove} 


flanks 


The rocks underlying the surf 


the Central 


different parts oF it; but tl e 


and altered 

up the stumps of the Hereynian 
tains; (2) the little disturbed M 
and Eocene strata that lie neat 
the post He revnian peneplall 


Alpine 


formed by the 


Paleozoic rocks that 


Plateau vary great 


three groups ] The greatly list 


movement 


the Miocene deposits of the M 
basin. The portions of the plat 
known to the writer are those 

by the road from Casablanca 
kech, the phosphate mining 
around Kourigha, and the re: 
tween Mekneés and Taza Thi 
parts of the plateau about the 
Kourigha are occupied by IK 
formation containing beds of pl 
of lime. These lie in nearly flat 


tudes upon the Cretaceous for! 
seen at a nun 
Perm 


while the latter reposes upon tli 


which in turn are 
places tO rest 


upon the 


Herevnian peneplain. The Eo 
7 | | 
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FIG. 1] \ VIEW SOl 


northern slope the Cretaceous lies again 
upon the Jurassic in the Gada Debdou, 
which presents an escarpment to the 
ancient flood plain of the Moulouya 
The shallow Cretaceous syneline thus 
located in the middle slope is the same 
as that in which the basin of Miocene 
lies in the upper Moulouva. The anti 
¢linal arch of Tamlelt serves to establish 
orogenic continuity between the Grand 
Atlas and the ranges of southern Al 
veria Since the folding, however broad 
and gentle, which gave rise to this con 
necting geanticline is” pre-Miocene in 
age, it may safely be regarded as a 
product of the Alpine movement. The 
surface of the plateau, which thus 
stretches from Gada Debdou to Tamlelt 
and from the end of the Grand Atlas 
into Algeria, is a surface of erosion 
which truncates indifferently the various 
formations of the Lias, Jurassie and Cre 
taceous. It is therefore a very perfect 
peneplain which has recently been up 
lifted: since. being so near the Mediter 
ranean, it could not have been formed 
at the present altitude. It is now in the 
initial stages of dissection by vertical 
Had the uplift been of an 


cient date, in a geological sense. the dis 


corrasion. 





THEAST FROM TAZA 


‘ 


section would have been far ad) 
and the plateau, if it still reta 
altitude, would do so only as 
vate of buttes and mesas 

The Anti Atlas is separated 
south end of the Grand Atlas 
valley of the river Sous Ie 
and connected with it by the 
much degraded volcanic pile of S 
about 200 km east of Agadir. It 
of folded Mesozoic strata resting 
formably upon more intensely det 
Paleozoic rocks, and appears to hat 
the same orogenic history as the | 
Atlas. On the road between Tat 
on the Sous River and Igherm 
tar and administrative post 
south side of the crest, excellent 
are obtained of the rocks, the 
features and the geomorphy 
range The most notable featiu 
served, from the point of view 
present discussion, Is an extensi\ 
plain, remnants of which exten 
over the Anti Atlas. The wide-s 
truneation of the folded Mesozoic 
is surprisingly clear on the mm 
flank of the range, where it is s 
slope down toward the valley 


Sous; and it appears that the dis! 
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ATLAS ALOU 


is shown it s, Figs 
14 Phe ( ¢T ISN 1 nik t} 
stern Tront ~ Nevad 
rhla, ana OY ISTS ! erreed 
s due to rr} t dis m ¢ 
. s erust Tod Lf. ‘ 
n front on tl road fi \l; 
| Azni s I | li te { 
lhha be seer } ‘ se og rters 
steep normal fa ts th a } 
the nortl and the drag 
stratified rocks 1s disp dd 
sicl ot thre Cal o>! 
Haouz is filled with fluviatil 
is see je Lo The (i pti r 


surlace 


Is not apparent, and the 


fill is now the flood plain of 
rensift and its numerous torren 
tributaries. .A similar depression, 
n as the Tadla, lies at the base of 
south end of the Moyen Atlas, and 
igh the mountain slope is here 


STS 


; 
} 


eau 


ild serve also as the southern 


faulting 


oft 


more subdued, a zone 
hbase ot the 


ipped by Gentil* at the 
northeast of Kenifra, which sug 
that the front of the Moven Atlas 
also be defined by a fault, analogous 
at of the Atlas 
zone if prolonged would not only 
border of the Central 
the Moyen Atlas, but 


boun 


Grand Gentil’s 


the south 


against 


of the depression To The north ot 


Djebilet, which is the westward 


nsion of the Tadla That the com 
depression of the Haouz and 


is structurally double 
the fact that the continuity of the 
to with the 
trant between the end of the 
en Atlas and the Grand Atlas. 

e peneplain of the Central Plateau 
to the 


\tlas across the existing troughs of 


appears 
IS offset correspond 


south 


extended present front of 


Haouz and the Tadla before the 
ssion was inaugurated (see Fig 
ist as it still does on the south 
the Tensift near the coast. and 
géologique pe soire du Maroe, 1920 


NTAINS OF 


VWOROCCO 


} ti } OM) y 
\ 
"| ‘ 

rr 
I ~ t) 

th bout 1,400 

titude of about 2.000 1 ds 
tham % nt » , ' 

It is convenient i sis 

the vene! } } 
having preceded 1 
tensive uptl rust 
configuration ot Atlas Is 
clue But, as wi ppeal 
the arching n been sv? 
with the orogenic upthrus ne 
due to it How ! } 
clear that the tf . 
or epelrogenie arehn na 
orogenic upthrust, were nv 
rejuvenation of ti rane I) 
preceding evel l vhiel thre 
Atlas was reduced to residual | 
certain that the new range we 
inherited a shear stress on bi 


As a rehet from this stress 1 
faults had lone since been d 
and it was between these that 
thrust. due to orogenic forces 
pression, was localized They 
radation of the upthrust mass 
consequent loss of load, would 
still farther ris the rane 
rise 1s still going on It is this 
mentary rise dune to isostatie ad 
which, by Causing thara 
rock in depths from the flanki 
explains the origin of sueh di 


as the Haouz of Marrakec} 
and the Sous The ey dence 
phase of this movement cons 
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ATLAS MOUNTAINS OF MOROCCO 


In many of the great canyon 
ides of from 65 m to 85) m above 
streams, and in terraces at the 
range Which appear to be uplit 
the flood plains of 
now dissecting them, as 
the mouth ot 
the road from 
17 
doctrine of Isostasy in 
teaches that the Atlas is the top 
column of the earth’s crust which 
balance with other neighboring 
ns the tops of which are much 
sea-level or. indeed 


‘al limits within whie 


iT isostasy applies Is 


neertain owing to the facet 
tv of the crust interferes 
on, the measure of that rigidity 
unknown. It is desirable, how 
in any discussion of the genesis of 
at mountain range to at least con 
r the possible role plaved by ISOSTaS\ 
ts historical development and in its 
ection under erosion. The remark 
depressions of the Haouz and Tadla — this 
e north side of the Grand Atlas,  anev. ane 


that of the valley of the Sous on the — from the 
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supp seal {} } ~ 
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2.4 Si 
{} ll T} ~ 
thar . , i Is 
’ ‘ } 
ny ~ T \ 
re thus . | ! 
st as | . ) tl 
I al sit If the 
, ni 11) lheacl dye “ ] } 
| tT} “Ss 8 « ~ rtT< Tt? S)) 
ould have b ) kn f tl dtl 
tT} At ~ fy) c yt} ? T } 
mvs? SI) yt) ’ l } CTOSS-S ) 
\\ S disp ( } } Ss «| nthnrius ‘ 
reater pal Ss prisn listributes 
1)\ rock ti cl ! regions 
wonld yy no up r fi rel 
ltl ol rti > Sa ST | sucl l re! 
had a maximum uplift of 1 km at th 
mountains vould have xtended out 
on either sid the ror a dist ce Ol 
hO) Kl They nel vr ¢ t » ? thing 
his redistribution of sima from below 
the Atlas t! time of the upthrust 
about the ene i the Te rtiaryv, ma well 
have been the cause of the arching of 
the peneptall surrounding the residual 


Alpine Atlas 

arching Was separated for convenience 
but the 

intimately 

added load due 

the 


have 


diseussio1 that 


ly thie 


from the upthrust two move 
ments may have heen 
The 


ribution of 


COn 
necte ad 
the 


rel etiecally 


to recdist displaced 
tended TO 


the earth as a 


sima would of course 


disturb the balance ot 


whole, and would have necessitated an 


isostatic adjustment of the entire 


spheroid 
As the upthrust proceeded the Atlas 
would loose load by erosion, but we may 


consider the effeet of this erosion more 


conveniently by tl Inking of the orogenie 
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1? iS D )) 
| thrust s 
tl res l S 
\tlas from the a¢ op 
rey ( 
val m redu 
tT! } by pl i! | ) 
hy ! ipthrus 
sur { The } 
cle wut 1.600 1 
mount o! vert } 
1.600 » would be 
. o \1 
} } 1 } 
ral id 2 S 
no degradation | 
! t} At S 
nd the mean s 
L000) n bove S . 
re ! Sharp, a 
» QiV 
eal } \\ S 1.000 
2 400 m is t heieht 
pPrisi qual To the present 
At s above S I} 
heiwwtht Sa result S101 
thrust column 1s thus 1.600 
»—SO0O0m. But there is a sn 
between the loss of elo} , 
ness oO thre ‘ t pris 
lor every 1 removed t . 
the column of 2.7/3 or 9/10 
of height « 1/10 I} 
tive prisn removed s 10 ‘ 
In the ease of tl Atlas t 
observatir nal data trom whi 
of p may be derived But 
of interest to examine the cons: 
of an assumed valu Suppos 
ample, that p were 1,000 m 
loss of height p—S800 would b 
and the rise of the ecolum } 
would be 1.800 m The ris 
column is effected by an infl 
from the adjoining regions 1 
tom of the column. The prisi 


thus inserted is 1.800 m 
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wy) meters +} 
, ‘ it 
s | hat < 
taperil | I 
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‘ sit 4 . 
ss of 1,80 | 1 
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{ I] S s 1.800 \ 
aepres ~ TI ~ 
rs | unit S nt ‘ | 
~ tH) ay e 
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ns made the figures tt ne . 
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| implications of the doctrine out 1.200 1 
sostTasV as pplied to great } ut S rr oO} 
} nges lt thea thickness ot thy; . te | 
m in the Haouz were known as_— evel e degli 
sult of boring operations near the — mass and conse 
r of the mountains the \ ie Of farthetl ris t “ 
ilso be determined Similaris iT ! ( Dress s fi ! 
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On the erest ol The Grand Atlas ria ndepth 1 
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ON THE TRAIL OF VAN LEEUWENHOEK 


By Dr. JOHN BETHUNE STEIN 


iwenhoek, the son of Philip van at Delft, says H lt No. 4 
enhoek and Margaretha Bel van — o1 


- i> {) 
Bergh, born at Delft, October 24. Deift. VV ; ; 
Vas a ploneer mn L nnd } t t} 
him new selences saw the day nalter 
Leeuwenhoek was descended from ~ mn 7 r 1673 () 
vy of brewers His father having * the 1 t f \ 
lurine his childhood, he was sent wenhoek first apt , P 


s mother to the vi ve school at Cu ] . f e 1) | 


ond, where he obtained his ears evlana S S 
on Later he went to Bent] en wonders bh z 
the intention Of preparing tor a HIS ist! ent 
sition In the municipal government of of single lenses, are s t 
city, his uncle being the secretary superior to 
administration At sixteen he mad 
s apprenticed to a draper at Amster Van eouwen hor structes 
whose cashier and bookkeeper he microscopes and Ses ( SS 
became, and here it was he learned atter must be of except 
se the magnifving elass which dra crvsti he essent 
rs then emploved for counting the microscopes Sul SS 1 S 
ds in their goods It as highly his knowledg ! shi 
bable that this led him to study and mounting the so that 


al instruments and to make the could compete wit! Ilis 
scopes and the great discoveries scopes were 1 
h made him famous After spend were mace : 
some vears 1n the drapery business tion of one, Two or thre hieet \l 
turned to Delft and married Bar of | had 
de Mey, on July 26, 1654 Five and wet mounted bet { 


iren were the result of this union: a plates 


ehter, Maria, survived him His or = silver r gol 

died twelve vears after this mar power of his mie MOS ried apy 
His second wife was Cornelia enth bet ‘ nail 

mius. The issue of this marriage and seventy dia ! ! 
a girl who died early in life At Utrecht cont nS. S s Harting ! 

ft he beeame ‘‘ Kamerbewaarder der scope made ly Van Lee ! 

er van Heeren Schepenen Van magnifies tw nal - 
"a position neither ardouous nor diameters This 


ting, which he held for tl Irtv-nine more thar | ! t fi 


sand which enabled him to devote a nUcroscopes hbequeant d sh Vay ly 


t part of his time to work of his wenhoek to the R si t I) 
selection.’ wi ie} were car) dit vnadon b \| rt 
J. Haaxman, ** De Ontdeker det nfusc | Quekett, } 

S. C. van Doesburgh, Leiden, 1875 of the Micros S 








hIiG 4 FRONT VIEWS 


\ L ’ . tlo \ ) i I OTO AT ~ 


Folkes, a president of the society, and 
whicl have my steriously disappeared 
\ecording to Baker, who examined these 
microscopes, the highest magnifying 
power was one hundred and sixty diam 
eters and the lowest forty. 

Henry Baker 1692-1774 Was an 
English naturalist, an authority on 
MICPTOSCOPes, the author of ‘‘The Micro- 


scope Made Easv’’ and Emplovment 
| : ; 


for the Microscope,’’ a member of the 
Roval Society of England and ihe recip 
lent of the Copley eold medal of 
society for ** Microscopical Observations 
on the Crystallization of Saline Par- 
ticles.”” Baker had these twenty-six 
microscopes in his care for three years 
and says thes were very serviceable A 
deseription of the microscopes made by 
Van Leeuwenhoek was written by Baker 

P. E. Launois, ‘‘ Les Péres de la Biologie,’’ 
C. Maud, Paris, 1904 

‘W. B. Carpenter, ‘‘ The Microscope and its 
Revelations,’’ J. and A. Churchill, London, 
1891. 

Daremberg, C. ‘‘Histoire des Sciences, 


Med eales,’’ J. B. Bailliére et Fils, Par s, 1870 
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rHREE MICROSCOPES 


} 


in 1740, and was published 


f the Ri 


sophical Transactions 0 


ciety of England of that veal 


Says: 
\ he 1 s of s S 
S nd fas] ned | \I | 
nd nd rlasses 
or nd wall « t | selt 
being d oted . 
1 be apy 1 to 1 hing r 
ndueed him to S 
lapted to Ss 


The three photographs Kigs, 2 
+) form the nucleus of my pape} 
show several views of three mic! 
constructed by Van Leeuwenhoek 
microscopes are exhibited at thi 
Museum van Oudheden at Leyd 
land. I am greatly indebted to Dr 
J. Holwerda, the director of th: 
Museum van Oudheden, for 


and great care in obtaining thes 
graphs for me 

Dr. Holwerda has written m« 
microscopes invented by Van Le 
hoek are in the possession of Mr 
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resident of The Hague, 2 Fig 


; 
ni KI “ SSeS 
} Tl ! 1 yoxit 
{ | 
seript l ( | s ~ ~ 


s a 
< 1740 kro S cam 3 
yi rear Vit s ! I i I ena 
d side views | pla 
act s . s na S 
Sal riveted (best see! 0 r ol 
olit Bet n these plates igs. 2 
nvex lens Is let nto ~ 1 rol , 
drilled in eac! lat 1 slivel I ! 
OK 1 rougi The Ils A l 1) La l ‘ ‘ 
hent at right angles Is stened nses (c= S si . 
plates by ser | 2 objects 0 t b cl 
oh this bent ub metal ne sequence an S | 
read a SC! \ ies ) ind } rulis ( irpent l ‘ S 
turns in and raises or lowers U made by Vai 
hereon is fastened a pl r the ne Was kK! ! sins 
to be attached to This pin can be that ft el sim] ! . 
ed about by a little handle (best down to so late as 1709 
the photographs | ft and right ol strana savs H 
= - 
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covery of an instrument so inherently) 


necessary tor the investigation of an 
entirely new world should attract so lit 
tle attention that for vears its existence 
was but little known outside of the walls 
its inventor ?”’ 


had 


of the house of 
Van 


ards for 


Leeuwenhoek several stand 


measuring objects with the 


microscope, one being a erain of sand 


which measured arbitrarily, according 
to him. one thirtieth of the thickness of 
a thumb. Ile 


size of an object either to that of 


sometimes compared the 
a millet 
seed or a grain of wheat or to the thick 
ness of a hair of the head or 
After he had discovered the erythroe) te 


beard 


of man he took its diameter as his stand 
ard of measurement. 

On August 15, 1673, while examining 
Van found it 
consisted of a transparent fluid in which 


These 


his blood, Leeuwenhoek 
little solid bodies were suspended. 
bodies he ealled globules. and he noted 
that the the blood depended 
them. 


eolor ot 


upon This discovery Was trans 


mitted to the Roval Society on April 24. 
1674. 


were disk-shaped, and he ealled them 


Later he found that these globules 


OBLIQUE 


AND SIDE VIEWS 

blood disks bloedsel lif jes () 
dred mammalian blood lisks 
according to him, were equal 


diameter of a grain of sand or on 
tieth the width of a thumb, and o1 
was equal to two thousandth of thi 

of a thumb He examined the b 

the ox, sheep and rabbit, and 

He ealled th 

erythrocytes vlobules bi 
when he first saw thought 
He designated thi 


birds and reptiles 
malian 
them he 
were spherical 
rocytes of birds, re ptiles and 

particles because of their flattened 
appearance. His drawings attest tf 

distinguished a nucleus in each part 


He described the distortion and co 


sion of the erythrocytes as the 
through the noticed 


upon the addition of water the eryt 


capillaries, 


evtes changed their shape and sav 
the area at the center of the mamn 
erythrocyte was lighter in color 

first to 


Kirseher in 1650 had 


discovel 


He was not the 
erythrocyte. 
ten of having seen little bodies, w!] 
described as little worms, in the bl 


patients suffering from fever. 5S) 
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d then mac cnown tha | Vas 


< to examine the blood of sick pel 
t | have never been able to obt In 1674 \ 
h blood, theretor ave mac rt 
er eXaminatio. t | ( RR (; 
Leeuwenhoek recognized \ 


s in bone afterwards ¢a d Tlave Cove eS 


nals. and the bone cells m then Ss) 
he notified the Royal Society son This \ 
1674 that bone consisted ttle b ~ his Thesis LS ~ 
es’’: but in 1675 hie changed his (dyser <M ( 
~~ He then said the little balls trived by Mi \ 
‘ ends of **] tt! tub “ty mad that cern Mi ( ~ | 





=—_—_ ——EE = 
— — -- oo - ~ Ea . 
/ E 
ab v2 ¢ ab ; 6®@ 
’ i | re)! i Oc 
ae C\J) 7| wo 7 
71 WA 0 k 
; 








ab 4 be 1| of 
' H 
| | : 
: d 





























iZZ THE St 












aut 


Se 
os 


3 


PY 

















. / ae ~ - 
» IN TENUY LARO t 


Qty, : Ais 
q°*.101S NON GLO 





2 ———— 





I Té THE MEDAL PRESENTED AN LEI VI ( | 
Ro si 074 4 | 
Oo 0 \ ‘ : | 0 ) 
( ) ) ) \ 
ete.: the Stine of a Bee, ete.’’ was read thousand times smaller that 
by De Graaf at the meeting of the Roval cules seen by Swammerdam and 
Society of England on May 19, 1675 by him water-fleas or water-lic 


For nearly fifty years thereafter Van 


Leeuwenhoek continued transmitting to 


his cisco, 


the Royal Society accounts of 
eries, often accompanied with illustra 
tions He sent 


communications to 


hundred and ten 
this 


one 
society and 
twenty-seven to the French Academy of 


Sclences As he 


had no knowledge of 
any language except his own he wrote In 
Dutch had 
into Latin. 

Van 


living 


and his writines translated 
Leeuwenhoek was the first to se 
fact he 1s 


both 


micro-organisms. In 


regarded as the discoverer oft hac 


teria and infusoria Ile announced to 
the Roval Society October q. 1676 that 
he had discovered what he ealled ani 


zeer kleine dierkens), in rain, 
other also in 
pepper or had 
In a letter to Constantin 
Huygens, dated November 7, 1676, he 
says that about the middle of September, 


maleules 


snow, well and waters, 


water in which einger 


been soaked. 


1675. he had discovered animaleules in 


rain-water which had stood in a barrel 


for several days, and that they were ten 


can easily coneeive,’’ says hi 
all rain-water which is ¢ol 
eutters in cisterns, and in all w 
posed to the air, animalcules 
found; for they 


by the 


may be carried 
particles ot dust blown ab 
He declared that aft 


aling tl 


the winds sie 
ing and hermetically St 
in a vessel the animaleules could 
found 

The report of this discovery otf 
Van 


such a 


cules by Leeuwenhoek in 167' 
ated 


Society of 


sensation that the I 
England held several m 
during 1677 for the special pury 
His 
had met with much opposition, esp 
that of 


waters. 


confirming his claim. dis 


animaleules in and 


He 


and for this reason his ability 


rain 
was considered 11 
cover anything worthy was revaré 
unpromising. 
The Royal Society on April 5, 
requested Nehemiah Grew to mak 
periments having as their aim t! 
firmation of the claim of Van Le: 
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a meeting of the Royal Society held 
November 8, 1677, Hooke 


notwithstanding he and 


k later, 
‘ted that 
had soaked pepper berries in water 
vo or three days and had examined 
water with a more powerful micro 
animaleules. 


they eould find no 


Henshaw, 


vice president of the 


~ 

1) | 

\ 

. 
IH] 

iH 


rh ) \ 
sand times s \t 
neo. He 
i l s 
t) T ~ ~ 
uwenlv S 
ha hat Tl 
WITnesSsSe¢ T 
recorded _~ ( ~ \\ 
pl sent 1 S ns | 
n the eat p ( } st 
the seventeent! t t ft 
was amazed at tl ais ! ( 
world-of-innumerable-beings 
in size, Shape and movement 
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beheld ina stnel drop ol watel by means 


of ‘‘an artificial eve’’ devised by a strong 


man endowed with marvelous industry 


| p to this time th mite was the 


cheese 


smallest animal in creation Pasteur 


and Lister came two hundred vears later 
Van Leeuwenhoek was much talked of, 
especially in| Kneland Ilis discoveries 


exercised the greatest influence upon the 


anatomy and physiology of this yn riod 
The 
them. was anxious to examine the 


v Van 


curious to lear 


sclenting world, agitated concerning 


micro 


made | Leeuwenhoek and 


SCOPes 


WHs how he manutae 


tured the 


revealing a new 


lenses through which he was 
world 

Van Leeuwenhoek Was elected a mem 
ber of the 1679 and a 
medal of the society Was presented him 
Mig. 
Leeuwen 
the Latin 


member of 


Roval Society in 


On the obverse side of this medal 
7 a medallion of Van 


‘ IS 


hoek 


reads 


SeeCT 
The 
‘Ant 


translation of 


Leeuwenhoek, 


the Roval Soc1ery of Eneland On 
the reverse side illustrations are seen 
of a bee-hive. a plant and the City oft 


Delft. The 


vil may be 


Latin inscription from Ver 
translated ‘*Tlis work was 
in little things, but not little in glory 

On November 23 
the Roval Society, 
surmised that the 


Leeuwenhoek were 


1681, at a meeting of 
Mr 


lense Ss 


said he 
Van 


in an unusual 


Henshaw 
used by 
vround 
way, that Van Leeuwenhoek illuminated 
the objects he examined under his micro 
scopes In a special Way and that he had 
a room especially fitted up in which he 
conducted his investigations 

Hooke 
structed by Var 
had 


**Micrographia”’ 


remarked that the lenses eon 
Leeuwenhoek were only 
said they 


1665 


were in his 


** melted 


what he 


lass 


balls. whole or cut in halves and formed 
into a lens Mr. Henshaw suggested 
that because of the newness and the 


evreatness of the discoveries made by Van 
Leeuwenhoek he be requested to make 
known his methods not only of grinding 
and polishing his lenses but also of the 
micro- 


Hen 


construction and usage of his 


When this request of Mr 


scopes 
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shaw was 
hoek he 

We sl 
tention of complying with this 
He 


question wa 


presented to Van L 
rephed, “"T agre { 
all see. however. that he h; 
kept } IS met! ods 
to answer. he did 
from Thomas 


14, 1685. was read at the meet 


Roval Society April 1, 1685 
stated, *‘ It was not possible to ¢ 
Van Leeuwenhoek so micros 
money.”’ A letter of Huyge 
that Van Leeuwenhoek would 
the Landgrave ol Ilessen-( 
handle his microscopes, fear 


might be copied Onee a Ge 
to Van 
would sell him a microseope. — \ 

wenhoek anwered promptly, “"N 


Leben nicht Wher 


asked wh he made SO Inhany nh 


cs and ask 


Leeuwenhoe 


memen 


and would not sell any, he ret 
silent. Van Leeuwenhoek evident 
not wish all his technique to di 


him, because he willed twenty-six 
Scopes TO the Roval Society Ol iE 


| , 
CGeSLre 


but he appears to have been 
concealing during his life almost 
he knew pertaining to the construct 
microscopes and their usage 

he states in a letter to Henry Olde 
societ 


the secretary of the Royal 


he had microscopes ota vreater n 
Was In 


ing power than those he 


tom of exhibiting, which he kept 


own use To examine micro-orvanis 


William Molyneux, astr 


and mathematician, a brother ot [’ 


water 


Molyneux, writes in his ““D 
Nova,’” published by B. Tooke 
don in 1692: 

rl Llee La f ) 
has pplied hims g 
to tl s¢ f micros S 
he thinks he has hetter 
vet know! When I sited this Get 
Delft 1 showed 7 . 
curious, but nothing : 
ordinarily seen before, being 
one singk ver ! ! Z SS-s 
sphere p ed bet 1 } 
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17. twent Pour Vears ! ‘ 
Van Lee el k, his muere 
nd other sclent ( ( cts re 
Sc it I} cul rile Ol lit 

s printed in Lath nd Duteh by 
printer of Delft, R r Boitet 
ying s ] l Hs l eN 

THIS ¢ our} 


s \ | 
\l fT 
y - | 

ont Spe ott S ¢ ( 7 S Al 
he of a ynet Tor microscopes 
Ldrel one ho ! 1 MICrOSCOpE 
haha are e@Xabiin Tlie micro 
S The cutalovlr s r nT nS } 
ed portrait of Van Leeuwenhoek 
microscopes sted al three gold 
undred and forty-seven s W 
d copper and three hundred and 
ive Copp I’ ()) page 1 there IS 
serted sheet containing the names 
purchasers and the amount paid 
r purchases Twelve pieces ol 
iTUS Kig, 8 are also listed, 
were used for holding, in a fixed 


On, a 


filled 
to 


glass tube with 


partly 
enough contain 
the 
d uppermost so that the 

blood might be 
attached to 


S apparatus 


and just large 


ill eel. The tail of animal was 
circulation 
examined 
the upper 
Kieht of these 
constructed of silver 
r. The 
microscopes 


StTulvers 


by a 


scope 


part 
pieces 


and tour ot 


returns the sale of 


Prom 


amounted tO seven 


and vuldens and 


thirty-three 
(one 


eold MIErOSscoyp 


A 


ld lor ten vuldens Those ot ¢o 


vuldens silver 


rht twenty-three 


brought fifteen 


stuivers To thr 


VAN LI 


} ? 

om, 44 ‘ s 
+ : 

\ } NS 
xT Vey 
Haaxn 
1+ 


itt 
val 
resemb } 
iwel 
lle Te 
orl rm Toy 
()) | 
‘) tT} 
, 
\ 
\ 
ne 
, 
Nn 
} 11 


Leibnitz 
Wel hoek T 
students 


methods o 


i 


WENTHOER IN 


hont 
nS ~ 
le 
] ~ ~ 
, 
' _ o 
) 
' ~ 
' ms 
: , 1699. \ 
’ ~ 
x ( 
‘) 
‘ 
ind ot! rs rere 
Oo esTabdlisi 1 Sete 
might be nstruc 
} MNSeS 
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irchnes on 








lhial and 
and found whi 


‘spermat 





order T 


mind mus 


On March 13, 1716, he wrote Leibnitz 








have never had any desire to te 
have to nstr 


nstructed one | hould 
or they would accuse me of partiality \ MICROSCOPE \W 
: rOR 


to remain free I do not look for mo 0 

my work, inventions or discoveries: 
not, try to get anything out of then 
? 


‘archer, to do good work one mus 


-mhOney and go into the work with a 


-which is surely a work not attractiy 


young people. 
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AN ALLEGORICAL FRONTISPIECI 
Van L NHOEK’S WO 


novy i ' peopte made December 17, 1698, by Vai 

ay Geman : eats oumme wenhoek to the ex-mayor of Rott 
oredr Harmen van Zoelen 

offended by any one who mi Dr. Beeker' in his ‘‘Nirre W 

ws: and as sure as I was of und Weise Narheit.’’ 1682, Savs 


discovered animaleules in water, so ire al . . 
Lie We t «ft eteht 


fluid, whiecl now to be a 


Roval society of king ind dot b ed Pa 


about my discovery of spermatic animaleules in 
Und nicht umgeht 


the spermatie fluid of man, birds and fishes. t : 
_. : «ht die Gelehrten mevnetr 
will suffice me if | obtain eredit only fron ou 
‘ i et ist Seines Wurms verg* 
and other eminent and learned men 
Copernicus des Seines, 
: > ° | i also ( eouwenhor h des Nel 
A detailed announcement of the dis- nd Herr | . 


covery of the spermatic animalcules was Malpighi and Van Leeuwenhoek 


















d the completers of Harvey's dis- 
v, beeause Malpighi (1661) discov- 


the circulation of the blood in the 







laries (pulmonary capillaries of the 
} 


and because Van Leeuwen 1i0ek 





THN studied and deseribed the eireu- 





n of the blood in the capillaries of 





web of the frog’s foot, of the fin of 


lpole and eel, 





shes. of the tail of the tac 
bat’s wing and of the ears of 
y rabbits. Van Leeuwenhoek ob- 


¢ 


d and proved the continuity of ar- 







s and veins by means of the eapil- 





es and said it was difficult to 


rmine where the artery ended and 






- . 
nous Tradl le be 


ran.’ He says: 






have 


+ 


e following is an extract from a let- 








of Van Leeuwenhoek to the Royal 
y, July 10, 1696, relative to his 






+ 





scovery of the capillaries : 





k several of the least sort and put them 





small tube (partly filled with water) 






they could but ist go into if, see 
g. & When I fixed these small eels be- 








** wlass 






ar the tail, I saw with greater admiration 





1 ever I did in n y life before, the circula- 






of the blood, and that in so many sundry 
little 


} 


es; so that if I should delineate the 





composed thereof, it would not seem 





le to most men.’ 






Van Leeuwenhoek called the eapil- 





ries ‘‘very small arteries’’ or ‘‘very 








all veins’’ or "very little vessels.’ 
He saw that they had walls, which some 
servers doubted. He detected the 







‘rythrocytes passing along the lumen of 
He noted that 
» blood may flow rapidly or slowly in 





vessels in single file. 





‘E. C. Van Leesum, ‘‘Old Physiological Ex- 


ments,’’ dedicated to the Ninth Congress of 






Physiologists at Gréningen, E. J. Brill, Leyden, 
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the nerve fibers, saying that the nerve Van Leeuwenhoek on the teeth 


fibers were so thin that more than one firmed by Retzius and Purkin, 


A 
rr 


thousand of them could be found in a The dentinal tubules permit 
nerve trunk which had a diameter sage of lymph, ink, oil, dyes, « 
equivalent to the sum of the thickness Leeuwenhoek saw blood stains 
of three hairs taken from the head. He dentinal tubules as later did 
made transverse sections of nerves and Dujardin (1801-60), who sa 
of the spinal eord and remarked that stains in the dentinal tubules of 
the transverse sections of the medullated who had died of cholera or vy 


nerve fibers in these structures, which been asphyxiated by carbon m 


he mistook for tubules, consisted of a_ the infiltration of the dentinal tul 
membrane rediscovert d by echnwann, the decomposed blood reaching t] 
1838) containing a liquid, and that in’ enamel junction of the tooth (the 
the center of this liquid there was acen- rocytes are too large to ent 
tral point (axon or dendron) or cor- tubules) gave the tooth a brownis 
puscle as he ealled it.**® He described  color.° 
the vascular structure of the pia mater Van Leeuwenhoek described t 
and the blood vessels (vasa nervorum mous epithelial cells of the epid 
in the nerve trunk.*. He studied the having found them in the cerur 
rods and cones in the retina,® the lamel- the ear and the sweat of the har 
lated structure of the crystalline lens, face, and said they resembled fis! 
which had been discovered already by and that they were replaced conti! 
Stenon,®*® and the fat globules in milk.t. by new scales. He found squam 
He saw globules in adipose tissue and thelial cells in the secretions of 
thought he saw globules in the brain and mouth and vagina. He made co 
cord.’ He found living spermatozoa in tive studies of normal epidermis, e; 
the uterus and tubes of a bitch and as- mis of cicatrices and keratosis, des 
serted that they and not the spermatic the Negro’s skin and said that th: 
fluid played the essential part in repro- of the skin depended upon the epid 
duction.*® He saw the epithelium of the intest 
In his communication to the Royal and gave an accurate descript 
Society (1679) Van Leeuwenhoek states hair.’ He gave the name ‘‘filament 
he had seen the dentinal tubules or eca- stamina tenuia tendinum’’ to con: 
He made microscopical st 


9 


naliculi in the teeth of man, elephant, tissue. 
horse, pig and cow. His communication of insects and their metamorphoses 
was accompanied by drawings of these the parasites of man and animals, of 
tubules. He observed that the tubules structures and germination of plants 
ran from the interior of the tooth to its grain, of crystals and tophi. He dis 
periphery ; that processes of the pulp tis- ered and studied the movements 
sue (fibers of Tomes) ran into the Vinegar eel in vinegar and the 1 
tubules, and he thought these tubules (treponema microdentium and n 
were characteristic of dentin. He said dentium?) in the tartar on teeth 
that they could be seen only when highly found micro-organisms in the mout! 
magnified and that they had a diameter Showed their presence to be great 
of 1/5,400 of the width of the thumb. te ‘‘food rests’’ between the teet! 
It was not until 1835 that this work of ¢lsewhere. 
11 Dictionnaire Universal d’Historie N 

® J. G. Bernard, ‘‘ Histoire des Microscopes,’’ elle, Fortin, Masson et Cie, Paris, 1843 
Ollier-Henry, Paris, 1886. 12 Bayle et Thillaye, ‘‘Biographie M 

10 A. Donné, ‘‘Cours de Microscopie,’’ J. B. par Ordre Chronologique,’’ Adolphe D 
Bailliére, Paris, 1844. Paris, 1855. 





: 
took pla 
a 
lavie 


blood. 


o traced its entire 


noses trom the ecg” 


pups 


trees was due 
ants also 
} 


studied ecare- 


ants. He made 


the sea-mussel, fresh-water 


ssel and other shell-fish He said they 
not generated the mud or 
but from spawn. » made careful 
f the ovum of » fresh-water 


showed tl] els were pro- 


rocess Ol ren- 


He discov- 


‘ibed the diff 
m in monoce 
dicotyledonous plants.** 


he was greatly pleased when a sailor 


ight him the eye of a whale, which 
ime a source of many investigations 
le relates, in a letter on July 10, 1696, 
the mayor of Amsterdam, Nicolas 
1.C. MeKendrick, ‘‘ A Text Book of Phy 
’? Macmillan and C 
yelopaedia Br 

n, s. v., Leeuwenhoek. 
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who said: W hy go t nucl rouble and for to such people, when we ¢al 


what use? o not write hem, but by our own physi 


fi r those 


sophically inclined and ner 
what I write.! experience 
It is to be deplored that ignorant of the art 


’ se who make the most 


practiced by so man ise poor juds Li A 


ent There i the ; cary r surgeo ’ , 
ment. Wh 7 Van Leeuwenhoek’s opinion 
who does not gi' ve in 2 ; : ss 

P ? And in sidered SO Valuable that peo] 
CUASCS i Z it i i ‘ . ; ; I 
they can do, because mos f them have 1 from foreign countries to «e 
knowledge of how the body is constructed Merchants, physicians, surgeons 


they are not competent to questior patien porations sought his advice 1) 


o get at the cause of illness. And it is stat ‘ ; : 

: 3 ghee the mayor of Amsterdam, Nic 
iat there are physicians who . 

order remedies for sen, who Was aiso president U1 

chasing meney int India Com] any, consulted him i 


cary.! of this corporation. He was 
something to kill the worms 
He opposed the method of purging, mer. Van Leeuwenhoek advis« 
then in vogue, and said: places where the nutmegs wet 


; and the ships in which they 
Such a powder is sooner 1 I 
than a healing-powde r. Can we not call, ported should be fumiga 
justness, that awful stuff which causes su phur.? 
movements of the stomach and intestines : He thought many disor 
u : owder? Ve will nke care that these . . 
murder-] der? We will take care tl - ! the blood being too thick. becau 


7 7 rr rot nte 1} ‘ } 
murder-powders dao not enter our body and . 
‘led so slowly through the cap 


] 


iers ar 


that those who give them keep away from us. 
... It is strange that many people in our and that much drinking would 

land believe so e: vy. Let but a ‘‘great doc- blood. He apphed this theory 

tor’’ come to the land, who announces himself gelf_ so that whenever he had eat 

{ aving ade great ires, which he usually . . 

- Sere Ae Ge aes, Wee a the evening, he drank more 

does, and come forward with many lies, then : _ 

" yy ~Oree . ° or el 
such quackery often finds not only an entrance ter — er — ss 
with the common ople, but it also goes over sweating, and he said ‘‘that havin 
to those whom we expect to have better judg- so much. an entire apot! ee 
ment. And when we speak to these quacks re would not help me as much as 
yarding their business of which they are sup- 
a pececnay Be ’ ‘ th ple remedy. I noticed that t 
posed to have some knowledge, they are but - ° 

make me sweat in the same way 


ignoramuses. Some time ago there came into 
Harting says that Van Leeuw 


our land a great lying German, who claimed 
powder which he called was the first to POSSESS a eollectior 


that by means of a 
‘sympathy he could eure any ill. They croscopical specimens and that 
brought this quack to my house in a carriage, . . 
dé celled in preparing them. In 

so that I might admire him. His cure con- Leibni ‘ : a 
sisted of a powder to be placed in the urine 4€1 yn tz of November 17, 
of the patient. After I had listened to the Leeuwenhoek relates: ‘‘I have 
man until he annoyed me, I asked the liberty to two celebrated professors the dé 
tell him my ideas. This was granted, and [ matie animaleules which I plac 
told him that I did not believe such stuff and 
that I considered his cure an impossibility and 
that all those who had done this same thing 
before him were tricksters. He cited many the body from the tail.’’ 
eures which did not have a sign of truth, so The following specimens pre} 
neh an the wee dtesameertn . .% ; , = 
much so that I was di concerted by his igno Van Leeuwenhoek were advertis 
rance, and told him that all who would traffic . - An 

bang sale in 1747: 
with him would be cheated. This proved true. 
Is it not miserable that our nation goes over Muscle fiber of a whale and of 


thin glass tube twelve years 
which we could distinguish very 
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4ia 


niS instru! 


For nearly three quarters of a century 


is patient, industrious and ingenious 


Molyneux to visi 


examined without order, method or 


! reconcelved idea alm st everything 


tracting his attention and made many 


scoveries, but his confidence in himself 
his instruments also led him into 


rrors and the making of strange asser- 
ns. It is said that Van Leeuwenhoek 
s opinionated and extremely vain and explain tl 
id many controversies. anner.1 


in a letter to George Garden, 

il Society, Van Leeuwenhoek says: Many were en 
hoek, but he hi: 
them the Duke « 


of Brunswick, 


is not to ren 
f my own views, bu 
give me probable reasons ag: my viev , as 
h I ean accept, I will abando ny Cassel, Ch 
1 go over to another’s. , thi .e more, Anne of Ens 
juse my investig: ns are m ’ 1h land. 
object of discoveri1 4 he ruth, uc! ( 
is in my power, and to pu 
eyes of all; and with tl 
to withdraw credulity 
well that my 
rdinated, but that 
4 discoveries: 


rain that my object 


ther ideas 


.. 4 
ao.4 


Haaxman says: ‘‘An honest 


: ] 
sSimpie 


righteous character was Van Leeuwen- 
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Some of Van Leeuwenhoek’s works, under 
printed in Dutch, ublished at Heaven an 
Delft and Leyden, 
writings were gathered and published : On November 20, 1719, 
| 


Le euwe nl 


+ 


Delft in four volumes entitled ‘‘Areana hoek wrote the Roval Soc 


+ ‘ ? 1 


natura ope et beneficio exquisitissi- 
morum microscopiorum detecta, vari- 
isque experimentis demonstrata ab Anto- 
nio a Leeuwenhoek.’’ Other editions ap- 
peared in 1696, 1697 and 1719, and in 
1722 the four volumes were republished 
at Leyden with the title ‘‘Opera omnia, Zeal for work continu 
seu, Arcana naturae ope exactissimorum Leeuwenhoek to within thir 
microscopiorum detecta, experimentis Of his death, when he 
variis comprobata.’”2 his report to the Ea 

The following is a translation of a de- Tespecting the presence of 
Peter Rabus Cimen of sand which had 


seription in 
by the president of this 


(1695) of the allegorical frontispiece 
Fig. 10) in the second volume of Van Microscopical examination 
The epitaph on t] 

wenhoek in ‘‘The 

The Specter of Philosophy, Queen of Science, Church of Saint Hipnolv 


c 
i 


Leeuwenhoek’s work published in 1695: 


tanding behind the table, i isclosing Nature . , . —_ 
ae = wl g Nature, was written by his friend 
formerly concealed bu yw vealed. Saga- . > 5 rn 

: ; nelizoon Poot ek f 
hose temples are ar ? : 
wings and who is clothed with a overed Holland.’ ** The translatio 


with eves, has before her the diffe l oO of it reads: 
} 


cious Investigation, upon w 


ucts of Nature which she is examin 
Here lies Antony 


member of 


it the citv of Delft he went 


microscope made by Van Leeuwenho 
to search out how the products 


and born. [ T is mic roscope is furni a } ) 

a reflector. , 4 9.7 ber, 1632, and died the twenty-sixt} 
: . 17° » hee 4 a 

hind Investigat on, i/lo, having rea 

ten months and 


You, O wander 


and wonderful 


is Diligence, always 

ing Error. Error is represented as a poor one- 
legged man, whose eyes are bandaged and whose 
face is disfigured by the ears of an ass, Error Here Bray science 
is resisting Diligence. Three men are seen in wenhoek. 

the right foreground who pride themselves upon 16 ** Description of 
being philosophers: the first, (kneeling behind The Old Church 


Investigation) a superstitious Jew; the second, Churchwardens, 





THE TOPOGRAPHIC BASE MAP OF THE 
UNITED STATES 


By J. G. STAACK 


weather 
all con 
cle 


] 
' 


the pal ticular 


intended to convey 
base map, and 
useful purposes. 
vever, these 
; are simply 
iring relative 
If a third dim 
is of contour 
sea-level 
rraphie mi 
y to their val 
most satisfac 
1 of representing relief is by means 
ntour lines. They were employed 
arly as 1728 by the Dutch engineer 
juius to repre he b of a 
am, and a little r they were ap- 
1 by Dupair-Triel on his map of 
nee. A contour on the map repre- 
ts a line on the ground, all points of 
ich have the same elevation above the 
pted datum, usually sea-level. Con- 
lines are drawn to represent regu- 
intervals of elevation, which may 
range from one foot to 500 feet or more, 


pending on the nature of the country 


mapped and the size and scale of the 
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S. Geological Sur- 


in 1879 to coordinate under a per- 
manent bureau the geographic and 
geologic surveys which at that time were 
being conducted in the public domain by 
four independent establishments. The 
new organization was charged with the 
duty of classifying the publie lands and 
reporting on the geologie structure and 
mineral resources of the national 
domain. 

To function properly as a scientific 
fact finder, the Geological Survey rea 
ized that a topographic base map which 
would accurately delineate physio- 
graphic and cultural details was a neces- 
sity. Accordingly, a plan was formu- 
lated and adopted to map the entire 
United States systematically in this 
way. The whole country was divided 
originally into quadrangular areas of 
one degree in latitude and longitude, to 
be mapped on the scale of 1: 250,000, or 
about four miles to the inch. At the 
present time a quadrangle measuring 15 
minutes each way, mapped on the seale 
of 1: 62,500, or about one mile to the 
inch, is adopted as the standard unit for 
a general-utility base map of the greater 
portion of the country, except the moun- 
tainous and desert regions of the West, 
where a 30 minute quadrangle is the 
standard unit. Maps on these scales are 
being supplemented by base maps on the 
scale of 1: 31,680, or half a mile to the 
inch, in reclamation, industrial and 
metropolitan areas where larger maps 
are indispensable for intensive engineer- 
ing and city-planning studies. 

This general-utility map, sometimes 
called the master map of the entire 
country, is being engraved and printed 
in sheets about 20 by 164 inches in size, 
suitable for easy handling and filing. 
An indication of its popularity is the 
fact that nearly a million copies of indi- 
vidual sheets were distributed last year 
to the general public, to other govern- 
ment bureaus and to state or municipal 


agencies. 


The very latest surveying inst 


and methods are utilized in ma 


i pographie base map. 


specialized talent 
in representing 


rately on paper through the 1 


contour lines, which ; 


1 


in the field by the engineer. 
Although this topographi 


+ 


planned primarily to 


serve 


the geologist in his 


studies of the miner 


Li 


re 


logis 


country, to aid the hydrolog 


pertinent information on the 


utility of streams, on the occu 


t} 


ground water, on the quality 


supplies and on the 


sourees of the country, 


water p 


and t 


the scientific classification of 


lands, this informative 


¢ > 
LV pe 


serves very many useful pur] 


} 
; 


engineering, scientific and indust. 


vestigations carried on by other g 


ment bureaus, state 


agencies, business org 


and n 


inizations a 


vate individuals. In 


the sue 


paragraphs are set forth a few ex 


of concrete and beneficial apy 


of these maps in the solution of 


problems. 
Topographie base 


{F 


maps al 


geologist a medium through wl 


ean make the results of his field in 


gations usable by others. 


They help 


to solve fundamental regional pr 


and to interpret broad structural ¢ 


tions in areas where 


al, oil 


exist. They make his task muc! 


in the seareh for potash, ph ST 
other ores 


copper, lead, zine or 


erals essential to modern industry} 


estimated that a first-class top 


base map saves at least 60 per ¢ 


the geologic investigator’s time 


field work. This is especially tru: 


large-scale base maps are availa! 


detailed studies of 
mineralized areas. 


rock st! 


ret 


A great saving in highway const 


tion ean be effected 


if 


the availa! 





THE TOPOGRAPHIC BASE 


to & 
wher gra] 
available. Tl particularly 
locating of limestone and 
quarry sites. 
the map those places 
tion and topography 
nt of a quarry 


] ae . 
tne Teaslpllity ol 


vy site to the pri 
‘ial is to be use 


ravel in the most favorable loc: 
ded areas by identifying on the 
graphic base map the topographic 
rms that typify gravel deposits. Such 
orough study of available developed 
| undeveloped highway material has 
duced a saving in the State of Wis- 
nsin’s highway-construction program 
$231,000 in 1928 and $212,000 in 
1929 on 240 miles of paving 
To the angler, topographie base maps 
have very interesting uses in lake re- 
In limnologie studies a knowl- 
of the area, depth and elevation 
] 


_ : , 
iakeS 18 desirable. 


ve sea-level of 
ese data combined with an analysis of 
e water determine the presence and 
+ quantity of plankton, bottom forms 
d other material on which various 
species of fish feed. The presence or 
ibsence of fish food has a direct bearing 
the abundance of fish in the lakes. 
In the settlement of controversies over 
state and private boundaries or in the 
preservation and determination of old 
boundary lines topographic base maps 
ssist the courts in dealing fairly. In 
very old communities, in which settle- 
ments and titles have developed without 
regard to surveys and many natural 


form 
al 
and 


map wW 
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ie 


; 
COST 
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T. 


sury 


State 
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'y possible 
highway 
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no grade over 6 per cent. was worked 
out. The new location was 7.3 miles 
shorter than the other, which meant a 
saving of over $200,000 in construction 
costs, and there was an additional sav- 
$2,000 in making the final loea- 


having at hand the base map to 


direct the field party. With the physio- 


graphie features correctly delineated on 


a map of the belt of country through 
which he desired to pre ject his road the 
highway engineer was able to consider 
his problem in a broad way and, like the 
geologist, to solve with ease a funda- 
mental regional problem in a mountain- 
ous country. 

In railway location the topographie 
base map finds its primary value as a 
substitute for reconnaissance in prelimi- 
nary surveys. Instead of the usual 

r £ . 


method of reconnaissance, a set of topo- 


tained and en! 


arged to a workable 

and a study is then made of the most 
feasible layout. Profiles are carefully 
prepared from the contour lines and in- 
termediate elevations are interpolated 
with remarkable accuracy, so that esti- 
mates of necessary earthwork, culverts, 
bridges, ete., can be compiled. 

The great value to a state of a com- 
plete set of base maps of its entire area 
will be increasingly evident from year 
to year. The State of California has 
available a set of maps covering all the 
Sacramento River Valley and about 90 
per cent. of the San Joaquin River Val- 
ley. During the past year the Division 
of Water Resources of the California 
Department of Public Works has ecar- 
ried on investigations at a great saving 
to the state with the aid of this set of 
maps, and recently it completed in a 
very short time the classification of the 
lands in these valleys. With the funds 
available a wholesale classification such 
as this could not have been made with- 
out the maps. They are indispensable 
and in constant use. In flood control, 
reclamation and river rectification they 


are the first maps to be consu 
generally furnish all the 
necessary as to general loc 
earry the only available top 
formation upon which 

nary studies 

In field investigation 
Health Service topographic | 
are of tremendous use in ¢ar! 
demonstrations of 
They aid in laying out the 
ical anti-malarial drainag 
picking out 
places at wi 
quito investigatl 
usually completed 
aid of these 
mated that two years 
required without them. 
Public Health Service was ¢: 
to make a mosquito producti 
of the eastern part of Massa 
Through the aid of 
maps the service w: 
of the work in 
these maps had n 
trained worker would have 
necessary to devote 
else have failed in the work 
It is estimated that withou 
such maps not more than one 
area could have been 
covered. 

In planning studies of strear 
tion and natural stream purifi 
interpreting the data 
graphie base maps are of 
ance. The 
ciated where they are not avai 
less detailed and less reliable m 
be obtained from other sources 
studies of existing sources of 
pollution affecting the publ 
they indicate the allocation of t 
lation within and without the 
basins, the density of populat 
square mile in each drainage | 
location and grouping of urbat 
tion having domestic sewage as t] 
source of pollution, the sections 
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sources ot 7 
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ntry and theref 
the wh 

campaign again 
in fruit fly in F 

eraphic base maps were 

Vv abdoi So per cent. ’ the state, o1 
) square miles, has been adequately 
pped) it was an easy matter to locate 
1 plot the infested areas and plan 





SOLID MATTER: WHAT IS IT, AND WHy>? 


By Dr. MAURICE L. HUGGINS 


DEPARTMENT OF CHEMISTRY, STANFORD UNIV 


Souips differ chiefly in the kinds of negative charges. 
atoms of which they are composed and concentrated, with some of the « 
in the arrangement of these atoms in _ in the small nucleus in the cent 
space. A study of what solids are is atom. Those electrons not 
largely a study of the nature of these nucleus are distributed amor 
arrangements and the properties of the shells around the nucleus. (T 
different kinds of atoms when in such motions they are describing n 
arrangements. <A study of.why solids considered for our purpose; 


are, and in particular why the particular plicity we may treat them ; 


arrangements of atoms which exist do were in definite fixed posi 
exist, involves primarily the study of the electrons which are of prim 
structures of atoms and the nature and tance in holding atoms together 


] 


magnitude of the forces producing com- cules and in solids : 


bination between atoms. I shall there- most, or valence shell. 

fore begin this paper by mentioning we call ‘‘valence electrons,’’ 

those known facts about the structures nate everything inside the val 

of atoms which are of particular impor- by the word ‘‘kernel.”’ 

tance in connection with the problem The kernels of atoms may be 

under discussion.’ according to their charge, or 
It is generally agreed now that all words, according to the number 

atoms are composed entirely of pro-_ lence electrons with which the 


TABLE I 


Kernel Charge 


tons—relatively heavy positive electric surrounded to produce neutra 
charges, and electrons—relatively light (Table I. Thus helium, neo 

1For a fuller treatment see Lewis, J. Am. and the other rare gases have 
Chem. Soc. 38, 762 (1916); Lewis, ‘‘ Valence with no charge at all (and so th 
and the Structure of Atoms and Molecules,’’ 
Chemical Catalog Co., New York (1923); or . 
Huggins, J. Chem. Educ, 3, 1110, 1254, 1426 Metals all have kernels with one 
(1926); 4, 73 (1927). positive charge; atoms of the a 
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no valence shells > atoms of 
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SOLID MATTER: 





; have doubly charged kernels; 
and 


aluminum kernels have three 
rour; 


urges: earbon and silicon 


ven and phosphorus five; oxygen 


six and th 


e halogens seven. 
and 


tetroxide, 


sulfur 
smium, in osmium tetroxide, ru- 


im, in ruthenium prob- 
ive kernel charges of *8 

A p sitively ( attracts 
sometimes | 


vaience e! 


: 
eharged kernel 
] ] + . 
iolds ectrons, 


in general, 
tiie | 


traction being greater, 
ter the e¢! 


. ) > 1 
nitude of this a 


lz an | 
KROETMCIL, 


de- 


large on 


ttraction 





to some 


eourse 
of the kernel, the distribution of 
trons within it, the number and ar- 


ment of other valence electrons 
he kernel, ete. 
Electrons in the valence shells of 
ms, undoubtedly because each is 
ng about its own axis and so is a! 
ntary magnet, tend to pair off. 
single electrons in a valence shell 


to attract each other, but two pairs 
rently mutually repel one another 
num- 


tne 


is repulsion seems to limit 
electron pairs W hich can be firmly 
in an atomic valence shell. It is 
four pairs is the usual limit, 


nd that 


ih quite a number of cases of six- 
eight-pair valence shells are also 


wn, especially around kernels of 
| positive charge. 

the 
form 
rnels to be surrounded by stable va- 


four 


: , : . 
\lthough tendencies of valence 


‘trons to pairs and of atomic 


e shells—usually containing 
tron pairs—are the major causes of 
mbination between atoms, we should 
ilso bear in mind that even an atom in 
ich these tendencies have been satis- 
the 


sitive parts of one atom and the nega- 


ed has some attraction between 


ive parts of the other and in some cases 
of the 
agnetie fields surrounding each atom. 


interaction of the 


nr 


hese attractions, to which we may give 


he term ‘‘residual affinities’’ are often 


‘from negligible. 


was is 
— 
tractions | \ 
sidual a 
T . 

hese al \ il 
ments ft 
tempel ires 
Sl1aUa l I lt 
Strong e! 

VW tT vy? 
Wi a 

in rl (ry (] 


to m tain 
tive to ¢ I 
Ss ud exp tt 
ives in Sol I 
atomie centers 
S of the ken 
+ ] rn | — | 
tance in detern 
m nd it is 
to find that t 
and X@!I n a 
that which w 
atoms ol spnel! 
rangement in \ 
rounded by as m 


twelve ( 
known as 
rangements 
ce) 
o 
> 
° 
9 
“ e 
Fic. 1. A 
HALF 1 r 
0 ( } ( Os 
I QUIDISTANT 
Except as 
tures referred 
lab 
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Fig. 1 shows the distri 
atomic centers in a small sectio1 
a crystal. In the complete er) 
tions like this are set face-t 
tinuing the structure in all 
The lines are of course only 
visualizing the spatial re 
The ‘‘elose packed’’ nature 
assemblage is most evident if one 
ers the arrangement of atoms 
normal to the cube diagonal 


ARE OVER THE 

THE THIRD LAYI 
CIRCLES, IN CUBI 
SPHERES IN THE 


CLOSE-PACKING. 


Atoms of the halogens have kernel 
charges of *7. The attraction for v: 
lence electrons is large, resulting in a 
strong tendency toward the formation 
of ‘‘complete’’ valence shells, containing 
four pairs of electrons. This tendency 
is satisfied, according to the theory of 
G. N. Lewis and according to the best 


experimental evidence, by the sharing 
of a pair of electrons between two atoms. 
(Fig. 3A.) In the halogen molecule 
thus formed the major tendencies of the 
atoms are satisfied, so the forces between 
molecules are relatively weak and the 
melting points and boiling points are 


REPRESENT PAI! 


low (compared with those of n 
other elements). Moreover, 
the only one of the solid halog 
erystal structure has been det 
the atoms are in pairs and ft! 
between two atoms of a pair 
that between two atoms in 
pairs. 

The oxygen kernel, with a net 
of +6, also exhibits a strong 
obtain 8-electron valence shi 
tendency can be satisfied by s! 
pairs of electrons between t 
thus forming a double bond. (F 
Similarly, nitrogen kernels with 
of +5, form N, molecules e 
triple bonds. (Fig. 3C Thes 
N, molecules do not have mue 
ion for each other, and we ki 
oxygen and nitrogen have low 1 
and boiling points. 

Now it seems to be a general rul 
pointed out by Lewis’) that at 
other than those in the first row 
periodic table do not readily form 
or triple bonds. The tende1 
sulfur and selenium and tellurium 
to obtain 8-electron valence sliells 
satisfied however by the formati 
rings, in which each atom shares 
tron-pairs with two others. Six-ator 

4 Harris, Mack and Blake, J. Am. Ci 
30, 1583 (1928). 
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ordinary 
units of 
t} ese ty pe Ss. 


metallic 


~ y 
Aics 


6-ATOM AND 8-ATO} 


EXIST 


8-electron 1e y forming 
of atoms ‘ig. 5) extending 


one side of the erystal to th 


€ oppo 

Every atom (except those at 
ends of the spirals) is bonded, by 
ed electron-pairs, to two other atoms 
he same spiral. The distances be- 
en atoms in different spirals are rela- 
y great and the forces between spi- 
relatively weak. These spirals fur- 


an example of what Lewis has called 


+ 


‘continuing moleeules,’’ the size of 
+h is limited only by the size of the 
"ystal. 


P} 
i 


hosphorus, arsenic, antimony and 
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form? continuing molecules in which the 
atoms are in layers, with each atom 
bonded by single bonds to three others 


within the same layer (Fig. 7). The 


A LAYER OF TH 
RHOMBOHEDRAL FORMS OF P, 


SHOWN IN PLAN AND ELEVATION. 


atoms within each layer are tightly 
bonded together, while the layers 
held together only by much weaker re- 
sidual forces. 

Atoms such as those of carbon, silicon, 
cermanium and tin, with kernel charges 
of +4, can obtain stable valence shells 
consisting of four electron-pairs at tetra- 
hedron corners (in the absence of other 
kinds of atoms) only by forming three- 
dimensional continuing molecules such 
as that in the diamond crystal’ (Fig. 8 
Each atom throughout the erystal is 
bonded to four others. 

Such 8-electron valence shells are not 
possible when all the atoms have kernel 
charges of three or less, for the number 


ectrons reauireada 
res 1S insulhcient 


having such small chars 


S 
tions for valence electrons are 
weak. The distances from 

ters to valence electrons, and 
between adjacent atomic cent 
relatively large, and the arr 
usually assumed are the ‘‘e! 

arrangements—in which eac!l 
surrounded by twelve others 
In a number of instances, pro! 


give a more stable equilibrium 














ra 
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Fic. 9. THE UNIT CUBE 
STRUCTURE. THE CENTERED-( 
MENT, FOUND FOR A NUMBER 
SIMILAR, EXCEPT THAT ALL 1 
ALIKE. 
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molecules, 


relatively 
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1 that is found 
xact distribution 
solid depends of 
distribution of 
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n them. 
ms with the l: 
7 sometimes 


trons from atoms 


l or 2), thereby pre 


ion SO formed } as alia 


of opposite charge. As a 


S- 
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Ammonium chloride, NH,Cl, has two bonds between atom 
different forms of structure.2. The one between the kern 
stable at higher temperatures has a dis- and the lone pairs in 
tribution of ions like that in sodium _ or, more generally, 
chloride. That stable at lower tem-_ electropositive at 
peratures has the cesium chloride type’ electronegative atoms, 
of structure. In both forms each nitro- causes the molecules to co 
gen is surrounded tetrahedrally by four the arrangements described 
hydrogens. The low temperature { Applying these ideas to thé 
is particularly interesting in that each of ice, we see a reason for the st) 
hydrogen is probably on a _ nitroge deduced from X-ray data. T] 


chlorine centerline, and may be consid- we may represent as H:O 
ered to be bonded to both by m¢ 
valence electron pairs. See Fig. 12. tractions between the 


and the ‘‘lone 

















PERATURE f * NH,Cl. THe 
OF VALENCE ELECTRON PAIRS AND OF 
NUCLEI (THE 

AROUND THE NITRO‘ 

(THE LARGE FULL DOTS AND OPE? 
SUCH A WAY AS TO GIVE GREATEST 
STATIC STABILITY. 


Crystals of any of the compounds 
mentioned above ean be pictured as 
being formed either from ions or from 
neutral molecules. The molecules, though 
neutral when considered as a whole, 
would be ‘“‘polar,’’ the more electro- 

ca . wwe” ‘LAN AND ELEVATION. 
positive atoms (those with small kernel 

4 ’ POSITIONS OF THE HYDR 
charge) having but one or two electron- 

: z é CIRCLES OXYGEN, 
pairs in their valence shells andthe more prox pare 


ALRS. 
electronegative atoms (those with large ’ 
k lel - 6W. H. Bragg, Proc. 
rp > , are ) ‘ , y > e of 2) ra. 
ernel charge) having one or more va (1922). Barnes, Proc. 


lence pairs which are not acting as (1929 
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formed, the atoms in the third layer’ most of the residual affinities b 
might place themselves either directly as well satisfied as if this aton 
over those in the first layer or over the where it really belonged. T! 


holes between the atoms in the first two place atom causes others (al 


ail 


layers. If the former, and the process tain row) to take up irregular | 
is continued indefinitely, the atoms in If the erystal then grows 
each layer being directly over those i again, a twinned structure su 
the second layer underneath, a crystal shown is produced. 


having the ‘‘hexagonal close-p: 


icked”’ In an ordinary metal there is 


structure results. If the layers are deal of twinning. In fact the 
added so that the fourth layer is over ment is probably usually more 
the Ist, the 5th over the 2nd, the 6 like what we would get if we d 
over the 3rd, ete., the ‘‘eubie close- large number of shot into a box. 
packed’’ structure is produced. If a ever there is twinning, howe, 
crystal starts to be ecubic-close-packed cleavage planes or glide planes n 
and then one layer ‘‘goes wrong,’’ the lel to the twinning plane must 
subsequent layers however following the an end at that plane. Hence 
original scheme, a ‘‘twinned’’ crystal re- and fracture are much harder 
sults, the whole crystal being symmet- duce in ordinary pieces of met 
rical about the plane of twinning. in single erystals—that is, the lat 
Another example of twinning (in a ‘‘softer.’’ Gliding and cleay 


is also be hindered to a large extent 


hypothetical two-dimensional erysta 

illustrated by Fig. 15. Imagine a two- presence of small amounts of 
impurities, the added atoms ser\ 
make the crystal planes irregular 
lock adjacent planes together. 

Glasses differ from crystals 
there is no regularity througho 
whole mass—although each elect 
tive atom is probably surroun 
electronegative atoms and vi 
They differ from liquids in 
atom seems to be held by quite ri; 
straints in or near a definite posit 
‘quilibrium. Being essentially d 
from both the crystalline and the 
state (and also the gaseous 
course), perhaps we should ¢a 
glassy state a ‘‘fourth state of matt 
I wish to close with a brief e¢ 

tion of the nature of wood. Wea 
that wood consists largely of 

Fic. 15. ILLUSTRATING TWINNING IN fibers, between which an 

THETICAL TWO-DIMENSIONAL STRUCTURE. are water, resins and 

and inorganic materials. 

dimensional erystal growing regularly of cellulose has been the subj 

in the vertical direction. One of the ulation and research for many 

atoms happens to add in the wrong »Cf. Parks and Huffman. S 

place, all the primary valence forces and (1926 
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recently 
ry solution 
of cellulos 
> structure 
moleeul 
ach string 
by primary valence 
» carbon atoms are 


dots, the oxygen atoms 
yvarogens are not shown 


to each oxygen ex ept 
and to each carbon not 
1 to four atoms 


nar 


although possibly incorrect in 


ls, accounts well for the phy S- 


rties of cellulose, its swel 


\y T 


absorption of wat 


ms perpendicular to the 
ts chemical properties, ete 
Although it has not been pos 
vo very deeply into the subject in this 


r, perhaps enough has been pre- 


| to give an idea of the sort of in- 


nted 
nsler and "ore, 


Monograph 
1926), p- 172; J. 
1928). Herzog, J. 





SOME OBSERVATIONS ON BUTTERFLY 
MIGRATIONS 


3y AUSTIN H. CLARK 


NATIC 


GREAT multitudes of butterflies flying 


steadily onwa definite direction 
the fa the 
which with us pass south in autumn and 


have re- 


shio flocks of birds 


after 


often been 


return 


ported. in many regions these 


the butterfli 


} 
S Oo! 


th: 


+ 
* StU) 


to 


mass movemen 


striking it no one ean fail 


very 
notice them. 

The ter 
plied to these 
f the butterflies is a rather unfortunate 


m migration commonly ap- 


linear movements 


group 


one, as it implies a comparison with the 


l Wi wl ich 


Us, i 


migrations of bir th they 
have little in common except that 
ts measurable in geographi 


they 
are moveme! hi- 
cal terms. 

Bird migrations are typically move- 
ments of a very definite nature from the 
to re 


remote 


breeding grounds another rion 
or le back again, 


usually by the same path. In the 
f birds the round trip is completed 
several or many times in the life of each 
of the individuals, and furthermore tl 

movement usually involves all the indi- 


more ‘SS and 


Case 


) 


viduals of a species in a given breeding 
area. 
Butterfly 
more than a portion, and often only a 
relatively small portion, of the individ- 
So far as the 
individuals the 
tions are in one direction only, and so 


migrations rarely involve 


uals in any given region. 
are concerned, migra- 
far as the species is concerned, there is 
seldom any definite indication of a re- 
turn movement. 

There are other 
tween the migrations of birds and the 
so-called migrations of butterflies—but 
there are also eurious corre- 


spondences. 


also differences be- 


some 


INA 


150 


r «wrrTer 7; 
Lu MUSE \f 


The 
tions of butterfli: 
ilving 
bi 
internal factors vary 


problem of 


iny a ger 


tors, th externa 


not only in the different gro 


terflies but also in closely 1 
within small groups, and in 
other alter 


The nature an 


forms withi 


native 
ir 
the external 
ferences in 
the different 
within a speci 


In 


regularly 


some 
recurrent, 


phenomenon, while 


place only occasiona 


more or less characteri 
forms within a speci 


in an alternative form 


| + 
t 


not usually so regarded are 


is probable that many 
migratory, traveling a 
dent individuals and ¢ 

Most migratory m 
butterflies seem to be 
the 


vements 
traceab] 
main causes—first, natural | 
sity of a gregarious species to 
second, the inability of the males 
tain together 


number in a given area excee 


species to live 


] 


iS 


or less definite maximum, and thi! 
destruction of the food plant, or 
other adverse circumstance affe 
more or less extensive region. 
made within ft] 
few years in and near the District 
Columbia seem to have a definite | 
ing on the origin of the migratory n 
ments of certain types of butterflies 
The milkweed butterfly (Da 


Observations 








is normally not very common 





on at the present time 






ese butterfli 








} 





in numbers, and those present 
meadows were with it except . 





. , ' 
Iresh; turthermore 





appe 


‘Thes aiter a rain 18 a common an 








pl 


enomenon 









I have observed it in Venezuela, 


is not often noticed so far north 





s Washington. The name ‘‘storm 





ary’’ sometimes applied to this 








erfly in the country may refer to its 







len increase in numbers after heavy 












September 17—the day of their 


rst appearance in large numbers—the 


ividual butterflies were more or less 





ly distributed over the fields, feeding 





verywhere on the goldenrod and also on 





few and widely seattered thistles. 





On the next day (September 18) condi- 





ons were about the same, but some- 





times as many as four or five would be 





seen about a single thistle. 
On the succeeding day (September 
19) it was noticed that the butterflies 







had to a certain extent become gregari- 





is. They were no longer evenly dis- 
tributed over the fields, but were to be 
found in more or less widely separated 






areas where, for instance, from half a 
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further 
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BUTTERFLY MIGRATIONS 


anges 


the afternoon 
tin 
yn 


We 


} 


westward 

















are Fa 
nD ( 
to dl » ! 
nsery | ’ ‘ 
a ndred f 
september 2 
id i} n p As 
d at half past Tw ! 
saw. within a 
ur butterflies from 
indred feet or mori 
ded southward but 
toward Great Falls 





152 THE SCIENTIFIC MONTHLY 


bt) om 


before a moderate wind. Some minutes’ ton, even in the business di 


later a butterfly which rose five or six the following day t 


1 


feet away and which could not have quent about the city, always 


been much frightened mounted high leisurely and aimless mani 


into the air and departed in the diree- of usually from eight 
tion of Great Falls. These traveling times from fifty to a hundr 


butterflies were seen in the western end more above the eround. 
of the field, where the goldenrod is frequent in the 
stunted and seattered and is not visited October. 
by the butterflies. « On September 
In the more luxuriant portion of the made to the Cabin John mead 
fields the insects were more restless than’ the northern half of the main 
they had previously been. They wan- were a few scattered butterflies 
dered about more and did not remain so on the goldenrod perhaps ad 
long on the flowers. Alsotheir numbers seen in all. This is but little, i 
had decreased considerably. Most of excess of what would be exper 
them were now gathered into two flocks, date in a normal season. Halt 
a small one of two dozen or so individ- of the butterflies were caught. 
uals in the northern half of the field and freshly emerged, with the violet 
a very much larger one in the southern cence at the maximum brillia: 
half. Both flocks were more compact the others were all fairly fres! 
than any which we had seen previously, three, one possibly four, days « 
and as many as four butterflies were ing from the condition of the irid 
often to be seen on a single goldenrod. on the fore wings. Certainly 1 
The restlessness of the individuals in’ them had been on the wing for as 
both flocks was quite apparent, for they as a week. 
frequently shifted their position by fly- It was rather late in the aft 
ing a few feet. The increased sociabil- and the insects were getting r 
ity was also apparent. Whenever an spend the night. Those in the nort 
individual which was flying over the half of the field simply hung f: 
field alighted we always found that it goldenrod or aster or one of the 
had alighted near another, or near sevy- shoots of some other herbaceous pla 
eral. The butterflies could not, how- they always do when engaged in 
ever, be decoyed by a dead individual, sive feeding. 
as 1S so easily done in the case of the There were none of these butterf! 
pierids and the swallowtails. the southern half of the field, | 
In the later part of the afternoon in- examination of a grove of trees so 
dividuals were seen flying toward one or _ the field disclosed two which were fi! 
another of the small trees seattered about among the trees in a desult 
about the fields. Examination of the sort of way and occasionally per 
trees, however, disclosed only a single on the under side of small 
butterfly clinging to a leaf about four branches eight or ten feet abov 
feet above the ground. But we left be- ground. 
fore the time these insects usually retire It was apparent that all the but 
for the night. flies which had emerged on Septer 
On September 24, just a week after 17 and 18 had left the fields, wit 
their first appearance in numbers in the possible exception of the two seen in | 
fields, these butterflies were noticed at adjacent woods, though these were \ 
various places in the city of Washing- likely younger. So far as these 





MIGRATIONS 


re » observatio 
om the nor- 
i . occurs 
rhout the season. The adult life 
vided into two phases, a period of 
ive feeding during which no sex 
is manifested, and a longer 
of extensive wandering appar- 
followed by reproduction, during 
-h feeding is relatively infrequent. 


} 


The flight of this butterfly is always 


surely and more or less direct, con- 


sting strongly with the highly irregu- 
nd angular hurried flight of nearly 
ir other butterflies. The males dis- 
y little or no interest in each other, 
| the individuals are always to some 
tent sociable. Males and females direction 
‘ur in equal numbers, and the habits _ this insect 
1 the flight of the two sexes are prac- more than 
tically identical. This species is par- geography. It is 
ularly fond of flying along the sea 1 erely a functi 
ast and along rivers at all times, and wi lus thi 
n any day throughout the summer 
herever it is common individuals may coast. 
observed flying in a leisurely manner are probably mer 
a great height. Over water the having their or 
t is more rapid and direct than dering habits and 
ver the land, and the wings are moved a straight line inhe1 
tinuously. ual, and taking their 
If the multitudes of these butterflies prevailing late 
it Cabin John were developing just as meteorological con 


he same number of individuals scat There is no real evid 
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erly migration in the spring. In the It is frequently observed t!] 
early spring this butterfly is singularly appearance of a new brood tl] 
inconspicuous. The worn and faded in- first seen in numbers about t 
dividuals fly very near the ground and later becoming common in tl! 
are easily overlooked. They have been The oceurrenece of puddle | 
reported, however, from as far north aS seems to bear li % relat 
this insect is really common in New’ amount of available wat 


England. Furthermore the first brood ma] year puddle butterfli 
appears in June at approximately the jpn numbers shortly 
same time in New England and in the there ean be no que 


vicinity of Washington, which would of water in the fie 


searcely be the ease if they or their hand. in the exeeptionallvy dr 
i ; l eptional i 


; - 
aren vere lors nto New 109 
Ds . oe grants TK ‘ew of 1930 when the numbers of 
England. The truth seems to be that, 
although most of them die during the 


Ix, “acln 
i\ reaue 


terflies were great 
; | h dles and muddy patches 
winter, throughout the region where this agen : 

—? of Washin 


ton were entire 


butterfly is common a few survive and wth : 
. not a single example of ever 


+ 


these survivors from the preceding year — 
. monest of our puddle bu 


give rise to the next summer’s popula- 
: be found about them. 
tion. T! ; , 
— . he true explanation oj 

[t is interesting to note that the abun- 


. “17 . butterflies seems to be that 
dance of the milkweed butterfly in 


, oP ,a l _— - —_ meelea4 
young males Irom ove oOnuLa 
eastern Massachusetts and southeastern - api Rathi 


New Hampshire in the autumn of 18838, 
just as the abundance in the vicinity of 
Washington in 1930, followed a summer 
in which the insect was unusually searce. 

Another type of butterfly migration 
seems to originate in the inability of the 


in which they are incessantly 
by other males and fr 
escape to more peacel 
Requiring water, they 
to the puddles, about w 
sence of the rivalry excited by 
males of certain species to live together ¢nce of females, they fail to 
in a given area if their number exceeds their usual pugnacity and inst 
a certain maximum. come gregarious, flocking with 
Familiar to every one in late summer 
is the sight of a shrinking puddle sur- until 
rounded by a muddy patch which is they either return to the fi 
which they were originally dr 


their kind or with males of sever 
they become fully matw 


enlivened by a greater or lesser number 
of butterflies usually grouped in little remaining more or less gregarious 
der away. 


companies, each company as a rule in- 
eluding butterflies of only a single kind, The appearance of puddle butt 
or at least of only a single color. The —at least among the pierids 
most conspicuous and most characteris- always to be evidence of an excess 
tic puddle butterflies in the more or less number of individuals of the 
immediate vicinity of the District of concerned in any given area. It 
Columbia are all pierids—Colias philo- marily evidence of a growing p! 
dice, Eurema lisa, Catopsilia eubule and of population—that is, of overcrov 
Eurema nicippe. Many, perhaps most, of the 
In connection with puddle butterflies males seen about puddles are onl) 
it is noticeable in the first place that porary exiles, returning to the 
they are all males, and in the second when they have sufficiently mature: 
place that they are all freshly emerged. as the older males die off. But 





BUTTERFLY MIGRATIONS 


‘them would 
‘or themselves 


he per- 


such 

butter lie _ from e 
area, trom persecutt 
fields or from all three 


Elimination of surplus males 


take place when, far as we can 


there is no actual idence of over- 

ding in the fields, especially in the 

of such large, powerful and very 

» species as Catopsilia eubule. 
migrations of the pierids of the 
corresponding to our Catopsilia 

le and Eure ma lisa seem To be noth- he destrue 


ng more than the end-product of the relations of 


natural process of the elimination of particularly 
surplus males. and to 
Mueh has been written regarding the gion, : 
southerly late summer and autumnal 

igrations of Danais plerippus, but 





MENTAL DIFFERENCES AND FUTURE SOCIETY 


By Dean ARLAND D. WEEKS 


SCHOOL OF EDUCATION OF THE NORTH DAKOTA AGRICULTI 


LizseraL thinkers of the eighteenth exponents of democracy. The s 
century believed that with education democracy has coincided with t 
free to all a great leveling of social in- ings of intelligence tests. 
equalities would result. The ery of the With findings such that he 
times was for schools and popular may read, there is not much d 
education. Outraged by the evils of about how we differ, from one end 
aristocracy and the abasement of the curve of intelligence distributio: 
masses, the theorists of revolution in other, and we have discovered ‘‘ 
France, America and England advocated number of people of relatively 
more and sometimes better education. telligence is vastly greater thar 
k'rom Rousseau to Noah Webster voices’ erally appreciated.’’ 
ealled for the diffusion of learning in Abundant and convincing is t 
the interests of greater social equality. erature of mental tests, and ess 

In their drive for popular education facts outside the pale of contr 
as a means of realizing political democ- give pause in social philosophy. 
racy, the eighteenth century liberals’ sider how widely we differ: 
concerned themselves little with educa- 100.004 
tional details and courses of study, 250,000 ‘Near’? ge 
striving first for the open door; and if — 6,750,000 Very superio 
the founding fathers knew how widely 18,000,000 Supe 
human ability to learn varies they said i fad ee 
nothing about it. Common observation }3'990'000 Dull _ — 
told them that there were men foolish — 6,000,000 Borderline 
and men of talents, but the shadow of 750,000 Moron 
the IQ had not fallen across the page in Seneee Cees SNe Senet 
those days. Give society a popular edu- 
cational system, thought they, and the With so many persons 
hierarchy of privilege would crumble. groups it must be that 
Illiteracy marked a caste; the essentials rounded by ‘‘a number of 
of knowledge purveyed through the _ relatively low intelligence.’’ C 
schools would give power to the masses. said that the population of England 

To us it is interesting that differences thirty millions, ‘‘mostly fools.’’ A 
in human ability entered so little into yer who looked at the foregoing 
the discussion of the adequacy of the said he had always supposed there 


(Based on data fror 


people to maintain democratic institu- a great many more morons than 
tions. Without education the people are. Yet most of us who face the 
were felt to be unfit for self-government; are probably brought to a reali: 


+ 


but that with education they might still that from our youth up we have 
be lacking seems not to have occurred to idealize society, and are com 
to any one. It has remained for us to to readjust our appraisals downv 
realize, in a time of the widest extension Even if we plead guilty to a tend 
of educational opportunity, that there to designate as morons persons we 
exists a range of mental ability that of- like, or who differ from us, we are 
fers some very hard nuts to crack for scarcely prepared for ‘‘this mass ol! 
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MENTAL DIFFERENCES 


and philanthropy 
nfluenee. We shal 
think as we used to think, when 
fact of mental range is burned 
nsciousness aS an ever-present 
The revolution in our 
like that following the 
tion or the Copernican 
‘ow will not be as y 
f human perfectibility 
go glimmering, when we 
f the people can be fooled all 
How swift the reaction to the 
knowledge, witness the uncanny 
propriation of a new province of low 
suggestibility by propaganda. 
til the fuller resources of gullibility 
| been probed by daring pioneers of 
pular psychology, no one claimed that 
1 could get away with murder. The 
f the multitude has become a 
real bonanza than in the days of 
Phineas Taylor Barnum, whose horrid 
stimate that a ‘‘sucker’’ is born every 
inute appears somewhat too low, by 
rough caleulation employing terms as 
formed as possible with the spirit of 
great showman. 
Our attitude toward the foolish we 
ll change, even as we have changed 
ir attitude toward the insane and the 
iopath. We have somehow com- 
nly felt righteous when denouncing 
ols.’’ The fools have had the 
vIullest time, and all without their 
they have been fair game for 
The psalmist and the proverb 


the satirist and the pedagogue 
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excitement, in a rough way what hap- 
pens is a measure of what the audience 
is adapted for. 

Now ‘‘the blunt person is character- 

ized by huge tolerance of absurd con- 
tradictions.’’ He sees no absurdity in 
a reference to a road to town that is all 
the way down hill there and back—and 
gives himself to the instalment plan. 
le reads believingly that western New 
York State apples supplied the table of 
Queen Elizabeth, and accepts his party 
platform, and votes as usual. 

Failure to note significant omissions 
reveals the deficient mind. Show to a 
mentally deficient person the picture of 
a wheel with the hub missing and he will 
not be conscious of the omission; with 
him there is no adequate sense of the 
completeness of evidence, no critical 
faculty at watch for essential elements. 
The trait in question prevails among the 
lower levels, mentally, of the consuming 
public, a fact taken advantage of by the 
advertiser who profits by leaving things 
out of the copy, leaving, as it were, the 
hub out of the wheel and inducing the 
eredulous to think they are getting a 
wheel entire. An advertisement which, 
no compliment to me, reached me 
through the mails offered colored repro- 
ductions of notable pictures at small 
cost, but failed to declare how many re- 
productions would be sent for my money 
and gave no information on their size. 
If the reproductions had been only the 
size of postage stamps the buyer would 
have had no case; he would have been 
‘*stung.’’ A man told me this after- 
noon how he had bought stock in an oil 
well, to find out later that an oil well 
will run dry after about a year. When 
he bought the stock he failed to note the 
time factor in an oil well’s production. 

Repeating the thought of a passage 
is a test of intelligence; according to 
fulness and certainty of restatement is 
intelligence disclosed. How often are 
the very words from one’s mouth gar- 
bled immediately within hearing. The 


fine art of accurate reporting 
flourish among the lower IQ’ 
that accounts for the vast jung 
founded rumor and sloppy ney 
the daily run; conjecture is ¢ 
into positive assertion ; speakers 
quoted, scandals invented. 

In the defining of abstr: 
mental status is indicated, whi 
are derivatives from experie 
represent the essence of meaning 
notorious how ill defined by n 
the public are such terms as 1 
evolution, patriotism, democrac 
perance, socialist, anarchist, 
Republican and Democrat. An 


mass of low level intelligence: 


; enormous menace to democracy 


is recognized and properly treat 


The dissected sentence is a 
device in the literature of menta 
A bright child is capable of t 
look at the words, ‘‘A defends d 
his bravely master,’’ and of str 
ening these out into a sentenc 
bright child would, without w: 
be asked to organize the words, 
something was wrong in their seq 
On the other hand, the very dul 
be unable to get them right, or 
possibly gloat over them with 
tion of recondite lore. It would 
vidious to cite examples from b 
publications, some of which achie\ 
culation, in which actual, definit 
gible and unequivocal meaning is : 
as much present as such as in t 
sected sentence before its reformat 

The giving of differences and sil 
ities is a touchstone of intelligence 
much matters with those of low 
gence ; they note differences slight! 
have not the meticulous perceptions 
quality of the mentally alert. T! 
distinctions out of which spring lit 
ture and science are obtusely not 
wholly unperceived; thus, in s 
afflicted with extensive moronism, ‘ 
tianity and church membership 
synonymous; no distinction is mad 





wl ere Vo 
mental test, 


intel sified cony iction ( 


correlated 

daily evidence (Juack doctors 

tenders ply their 
ists are compiled of interminable 
rtions; words rather than ideas 
political corruption and crime 
‘ation obtain; silly notions win 
people in the rhythmie raids of 
n; there are: noise, jazz, speed, 
>and the man who would walk a mile 
brand. True, for every man, 
and child with I1Q below 100 
a man, woman and child with 
100; but here consider those 
the line, among whom 


‘al moron _ 


Unable t 
gous meaning, or 
esses and differences 


tion to Psychology’ 


S. 
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an ideal of teacl 

we should expect 
vocational 

ntinuation seh 

al classes would reflect them, 

* the extent of mental di 13,000,000 


. , TAN OE 
lds than 6,100, ) 


; = . . . their associate ior 
Justments will occur in view ort aware- cneir a ; d mot 
against 6,750,000 of the ver) 


eg. } 250.000 imbs 


ness of the persistent contrasts in human 
last scene OT ail, 29 l 


ability and the amount of low level 

° ’ : . idiots } rveryv 100.000.0000 of 

mind. As suggestive of what may take diots in every 100,000,000 of | 
’ theni 


; 4 9° ) 1 
of aS an antithesis to 200,000 oi 


place recall the accommodations 
" ° ° . oft } Vs ver Tlashes 
journalism to progressive ascertainments . t minds that ev ites L. : 
: . yaternalis as a reactl 
of the true character of mentality at the ill ¥ ern , m, : 
° . . . ° iolte ) in »y I 
lower levels, ranging from the original P!!@4on under 1 
. . “ys competition that ¢a 
yellow journalism to exhibits on the a } ' 
news-stands to-day. As to the ‘‘fool- Ouscome, 0 ushered 
it oe - mean oversight, mail 
proofing “ of machinery, one might ques- ; 
' ; , ‘‘” ment and protection, and 
tion whether it can proceed much far- a 
. degree o} qaisre vard 1or 


ther, or whether assistance can go much o— , 
dents think. Will not realization 


beyond that rendered by telling one to 


: : iat ee amount of moronic intelligen 
‘‘eut on this line, when facing the 
: on the way to paternalism 
problem ol opening a mere box of break- ate ‘ : . : 
, ’ ie [he answer is indieated by 
fast food. Our high-grade moron was Pee goat ' 
- 2 significant trends. The 
an expert driver of the automobile, ; ' , ‘ 
“ee old age pensions, the rise of 
proof of the extent to which shortage of e hic! 
. 9 . ° 0 nen waves aS a reneral 
intelligenee was provided against. In- ' ' ed 
Lee ; benefit at a time of inefficient 
fluenced by the findings of mental tests rae — 660-38 : 
7 ae ble that ¢] 5 ; ganization and of the ‘‘yellow d 
it seems provaoile tha ne operatilo 0 3 . 
. — contract,’’ the assumption under 


all SOFts OF machines ol popular use, dent Hoover of superior-class r 
and participation in travel, commercial bility for unemployment, the 
transactions, funerals and recreation fyeland. the wiwenticion of life 
will be made easier and less burdensome ance. the plicht of the farmers. 
on attention and thought. failed to help th 


emselves, the 


| 
The climax of our interest lies, how-  Jarge-seale philanthropy, the freq 
ever, in the effects of the fact of mental of failures among small-busin: 


range upon social and governmental and the victorious chain store. d 
policy. Will not accommodations neces- together. attest to a tendenev 
sarily be made there? Is not Mussolini social reorganization on ena 
perhaps a man who has peered into the. mental easte. With the ripeni 
sociological beyond, divining and eapi- stitutions and the perfection of 
talizing the truth of human differences? strategies. assuring steady iner 
May not the great Russian experiment disproportionate benefits to the 
be soundly cognizant of the range of levels of intelligence, it can 















AND FUTURE SOCIETY lol 





MENTAL DIFFERENCES 






nolicies determined at th: 





r that, for example, in the ex} 





States. the farmer is not made _ sabotag 












nt or exhaustively exploited and that int t ! t 
dole. sian or the Ita i? 
tential subjugation of the lower disposing of tf t! 
s is implicit in an economic abso and striking d 






ot price 







+ 
itil 






with no voice in any price set- be 






no part in eontracts but ac recelves 







of dictated terms, pay the price’ vastly improv 






re repnrest 





] {% 
ariven oO 


turesque 















place than that mode 
erected and that low IQ life will course fall re ad 


ted to ; 1xim f eontri- lay ngineering ministr 






iid 








Ages. 


the manner of the Middle 











poor, always to be with us if there who e 
rrelation between wallet and WIS- eriti sm or r nat? ~ < 
will be less commonly regarded as Through indn ts t " i mre 







ble or responsible for their condl- 







and governmental paternalism, in-_ will progress in the dir 





of being mentioned apologetically, vot 






be regarded as the only logical _ believe tl 






of the state, while a commercial Nor 





rnalism, of which the pension sys require the hiehest TO to sense rott 






f the Northern Pacifie Railroad is ness in the stat Der 





one example out of thousands. will men of paterna sal 






d out a total effort rrandly drama- tors of commercial overlordship vw 





¢ the idea of a father earing for his manv a restless 






iren, not to say safeguarding the the heathen in his blind 






that lays the golden eggs. The mistakenly of course The wid 






ver IQ strata will probably be guar-  frage and the abs tf educatior | 





nteed against extinction or extreme mental qualifications 






rradation of standards of living by a state a fully represe 


fused humanitarianism and an appli- 
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trol on the part of the least able must mocracy. Even with the dif 
manifestly be shght only of knowledge but of k 


bi iL. 


What form the power to rule, derived economics and the state, a sort 


ligence, will take, ing out of which the poor n 


from superior intel 
what scenes of paternalism will appear, weapons and defenses, the 
remain to be seen. A modern version shrewdness and reasoning 
of noblesse oblige may allow a Ford to field open to advantages t 


~ } 


the IQ of 70, stiffen the blue sky laws rank highest in native ability. 


against plunder and so earry on that Paternalism? We can only 


nothing so obnoxious as throwing mo-_ the lower millions may have g 
roniec instalment debtors into prison will ers and that the classes who ha 
occur. But the reflection of mental dif- power by birth will conceive of 
ferences in the institutions of a high- in terms inclusive of the welfai 


powered age will surely be much unlike mass, for the inequality of 1 
the picture of a pleasingly simple de- cells is great. 


THE DEVELOPMENT OF A MAGIC FORMULA 


By EARL H. BELL 


UNIVERSITY OF WISCONSIN 


INTRODUCTION and know quite definitely how 

together, but we do not know 

esses by which it is put togeth 
The only technique by whic! 


Ir we are to understand the develop- 
ment of such social phenomena as magic 
and totemism we must change our tech- 
study the processes of the dev: 


‘ 


nique of approach. . ose : date 
of magic is that of observing it 


For the most part, the method of an- 
thropologists has been that of studying in contemporary society. We 
the phenomena as they exist and fune- Seek out primitive groups to find 
tion in the so-called primitive societies. It exists in modern society and, m 
Using this material as a point of depar- nificant still, is even now in thé 
ture they have attempted to unravel the 0! 
threads and thus learn how the complex So far as I know, the onl; 


developed. Thus far, except for estab- using this technique are thos« 


’ formation. 


lishing the elements or threads of the fessor Ralph Linton, ‘*Totemi 
phenomena and their relations to each A. E. F.,’’ published in the Am 
other, we have accomplished but little. Anthropologist of June, 1924; a 
As yet the processes of their combina- Professor Kimball Young. ‘‘Th: 
tion remain obscure. of the Rise of a Social Taboo,’’ pul 
This is not at all surprising. Anyone in the Screntiric MONTHLY < 
could take a piece of woven cloth, un- 1928. 
ravel it, study the materials used in it The following account is a pict 
and tell the manner in which the threads the process of the development 
were combined, but this would throw no magic formula. 
light on the modern processes by which I 
it was manufactured. 
Our position in regard to magic is 
much the same. We have unraveled it, is constantly demanding more and 
learned the materials of which it is made the attention of the lowa farmer 


One of the perplexing problems \ 





Dit 


menace ol 


Simnt. adrvense 


ound already 


“1 its southward 


w, so that 

8] read the pest. 
extent to which the farmers recog- 
he necessity of eradicating it 1s 
by the methods of combat. It is 


h of 


n sight to see a large pate 
completely covered Viti tar 
in an attempt to destroy the weed 
itting it off from the sunlight. 


er method used is to pour gasoline 


plant, saturate the ground around 


| then set fire to it. Other farmers 

‘over the infested land with salt, 

not only kills the thistle but steri!- 
s the ground for a period of years. 


irse, occuples a 
I 


Such a problem, of cout 
minent place in the minds and con 
rsation of the farmers living in in- 
areas. At the noon hour during 
reshing season the men 
information which they 
the pest, and tell of their friends’ 
as their own experience with 1 
they will refuse to allow the 
to thresh for a farmer wh¢ 
sted until all the other men in the 
r’’ have finished. 
Out of this background has come a 


al means of eradication, the de 
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formula and the steps by which it de- 
veloped. 

1. We have a severe crisis which was 
felt by the group. The pest must be con- 
trolled for the welfare of the group 
which depended upon agriculture for a 
livelihood. 

2. There is a great difficulty in coping 
with the situation which had never been 
defined, and all natural ways were ex- 
tremely difficult, wasteful and unsuc- 
cessful. 

3. Following the failure of the scien- 
tific methods disseminated through the 
channels of the agricultural experiment 
stations many individuals experimented 
with methods of their own. 

1. The element of luck enters, in the 
form of the combination of several fac- 
tors, such as temperature and lack of 
moisture extending over a considerable 
length of time which prevented the 
thistles from growing after they had 
been cut down. 

5. The phenomenon is interpreted in 
the terms of an old and well-established 
superstition which builds up a false as- 
sociation between the time of an act and 
the result.’ 


type of association is common in 


6. The rapid diffusion of 
probably due to the fact that 
corollary of a well-establish: 
tion and seemed to meet the sit 
well, considering its ease, 


methods recommended by 


ment stations. 


i. Cases of failure, whiel 
magic are common, were 1 
usual rationalization that th: 
had not been followed exact 
some item was still undiscove) 


II] 

In mentioning the wider 
this incident we should not 
portance of the crisis or new 
situation which is difficult to 
in which scientific methods 
tremely difficult and uneertair 


second place there is the element 


or chance which made this simp 
appear successful, and in the t] 
a false association made in ter 
equally erroneous premise. 
Were it not for the comparat 
development of a scientific ¢ 


not unlikely that such a phe 


would persist and take on al 
acteristics of a highly ritualist 
formula. 


+ 





SCIENCE SERVICE RADIO TALKS 


PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 


PLUMBING THE DEPTHS OF THE EARTH 
By Professor KIRTLEY F. MATHER 


DEPARTMENT OF GEOLOGY AND ({ om 


to the bottom of things, to find 
at makes the machine go, are Suriace 
ns worthy not only of the ehi far down as 
p 


he man. The real essence of the material quite 


tific spirit of research is the desire wherever the s 


the unseen, to discover the secrets uuter Shell are 
are forever concealed from the limits of deep dril 
observer but are frequently re- reached, but 
to him who is sufficiently persis- plumbing the 
the quest for knowledge. This never do mor 
st as true of the science of the earth earth’s skin 
s of the science of the stars. Un- used if we really 
ently, knowledge of the earth has in the earth 
argely confined to that which may now at hand 
etly observed on land and sea. Earthquakes, 
recent years it has become in- contribution 
ily apparent that much which we one oceurs, it 
to know is concealed beneath the through the 


on which we live and move. directions like 
of the most fundamental ques- of a placid pool 
s, such as why there are continents’ into the water 
an basins, what makes the lofty completely throu 
tain range stand above the lowly around the eart 
can be answered only when we _ by sensitive inst 
the nature of the deeper interior’ graphs, designed 
earth. Many of our most valu- present there are 
stores of petroleum and ore are so seismograp! 
in the rocks of the earth’s crust surface of the « 
their presence could never be in servatories, unive! 
1 from what may be seen on the _ for scientific 
Plumbing the depths of the earthquake is r 
is therefore a task of the greatest instruments 
tical as well as scientific necessity. mother eartl 
deepest mine which men have _ sufficient viol 
s far dug is about 7,500 feet deep, 
one three-thousandth part of the 
's radius. The deepest well which 
have thus far drilled is about 9,000 damage. At distance 
t, nearly one and three quarter miles, hundred miles it is us 
not much of a start on the long jour- ceptible to human senses 
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ing waves are detected at distances of 
thousands of miles, in fact clear around 
the earth, by properly adjusted seismo- 
graphs. Thus the progress of the waves 
as they advance through the solid rocks 
may be observed. Each wave is in fact 
a messenger which starts, let us say, in 
Japan and dives deep toward the center 
of the earth to emerge at St. Louis or 
Cambridge, Massachusetts, or London 
or Bombay with the news which it has 
picked up along the way. Its message 
is in hieroglyphies, the quivers of a 
jerky line traced by pen point or tiny 
beam of light upon the recording paper 
in the seismograph. Like a secret code, 
it must be translated before it can be 
understood. 

The velocity at which the earthquake 
vibrations move through earth material 
is determined by the elasticity and 
density of the material encountered and 
by the nature of the vibration itself. 
In general, it takes about twenty-five 
minutes for the swiftest earthquake 
waves to travel by the most direct route 
from the point near the surface at which 
they originate to a point on the surface 
directly opposite on the other side of the 
globe. This route is of course through 
the center of the earth and is therefore 
about °8,000 miles long. This is about 
the rate at which such waves travel 
through glass or steel, and it indicates 
that the earth as a whole behaves as 
though it were composed of material as 
elastic and dense as would be a sphere 
of glass or highly tempered steel of its 
dimensions. No great ball of molten 
rock with a thin crust of frozen surface 
material could possibly behave as does 
the earth. The earthquake messages 
tell us unmistakably that the earth is 
much more solid than it used to be con- 
sidered. Its interior may be very hot 


but it can not be essentially liquid. 
But earthquake velocities vary from 

place to place within the earth. In gen- 

eral, the deeper the path the swifter the 
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movement. This is lare 
increase in density with 
eubie mile of rock is w 


] | : 
equal to the weight of a @ 


one mile square and as hig 
tance out to the surfac 
column a thousand miles 
mendous pressure upon 
depth of a thousand miles 
quence the rock at that | 
pressed so that it transmi 
much more rapidly than 
were it at the surface. 
However, whereas pressu 
crease rather regularly from 
center, the travel rate of 
waves changes irregularly 
In fact, as these waves 
center and pass through the 
creat depths they are quit 
slowed down from velocities 
nine miles per second to \ 
only five or six miles per s 
only possible explanation of 
that the material there n 
different from that nearer 
In all probability, the centri 
earth is composed not of rv 
elasticity, but of a metal 1il 
is far less elastic. Judging 
composition of meteorites, 
sumably are samples of 
which planets are composed 
core is a mass of mixed iro 
This central core has a 
about 2,500 miles and thus 
little more than half way fr 
ter toward the surface of t! 
can not yet be told wit 
whether the metal of whicl 
posed is in a solid or a fluid s 
ords of earthquake waves 
passed through it are exceed 
cult to interpret, and much 
at present being given to t 
Surrounding the central n 
there are several successiv 
rock of somewhat varying ¢ 


as indicated by the various 
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| known to | qu solid \n S 
ite likely that at a depth of from s 
vy miles below the surface the was { 
sentially a glass which ean be ( yr § 
much more easily than such =; wa ‘J 
I s as granite or sandstone ot 1 im} 
sumably makes possible the « S plain 
s of the outer erust which But in t 
eS of level I Tl land al he? met as or ¢ 
re and give rise to mountains mat about 
movements are themselves the been pert 
earthquakes, which in turn pro- a great aid 
s with important information con- materials uy 
the nature « the earth’s trial pros 
ods of plum! 
rocks in the surface layer of the are know1 
notably different from place to 1 invol) 
In general those beneath the sea physical pro} 
vier and more elastic than those ferences in « 
the land In eonsequence the in electrical 
ke vibrations whi travel netic attract 
| the earth through this outermost Take tl 
5 § veral concentri shells n ve at T10n An ex] 
rates lr} vibrations of a a muiniaturs 
rnia earthquake, for example, tions from ev 
more rapidly toward the west e} s10N, Sa 
the floor of the Pacifie Ocean can be detec 
they do to the east through the  seismographs 
nt of North America. Even five or ten 
r e eontinent there are impor-_ travel at vi 
ferences. Limestone generally different 1 
smits vibrations at much higher’ timen be 1 
than does sandstone or shale. nature f ti 
s fact can be used to advantage in ex mple the 
ttempt to discover the nature of _ salt, si as 1 
ions a few hundred or a fev dome oil fiel 
nd feet below the surfac There between the p 
many large arees of land th yh- dynan is ¢ 
vhich the bed-rock formations are  seismograp! 
rely concealed by soil, sand, clay or through in a 
1. Some of these coneealed rocks usua 
in oil or other minerals of great Again, t 
li For example, there is not the lighter than 
test suggestion at the surface of the exerts less g1 
sence of oil in the newly discovered differences ar 
feld south of Oklahoma City. Yet ficient to be « 
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ance. This instrument is a very sensi- 
tive one, with delicate adjustments, 
which is designed to reveal slight differ- 
ences in the force of gravity. Wherever 
there is a fairly large mass of either 
unusually light or unusually heavy rock 
material within a few thousand feet of 
the earth’s surface, the gravitational 
field is distorted. The torsion balance 
indicates the amount and direction of 
this distortion and thus suggests to the 
observer the location of such rock 
masses. Salt plugs in the coastal plain 
of the United States are deficient in 
specific gravity, and therefore their 
presence may be revealed by the torsion 
balance. 

Other geophysical instruments are 
now in use which indicate variations in 
magnetic attraction which may be due 
to differences in the amount of certain 
iron oxides commonly found in many of 
the sedimentary rocks as well as in some 
of the igneous and metamorphic rocks. 
The interpretation of the information 
gained from the use of the magnet- 
ometer, the torsion balance and the 
seismograph is extremely difficult. In 
many instances there are several equally 
rational interpretations which may be 
placed upon the same body of data. The 
use of such instruments in the search for 
oil or other valuable resources can not 
therefore be considered an exact science. 
The technique of operation requires 
great skill, but even greater ability is 
demanded in the art of interpreting the 
records obtained. Nevertheless these 
instruments have already justified the 
large expenditures of time and money 
that have been made with them. More 
than one hundred salt plugs, many of 
which are accompanied by valuable oil 
accumulations, have been discovered in 
Texas and Louisiana within the last five 


years by geophysical exploration. 
To some, this method of plumbing the 
depths of the earth seems to hark back 


to the days of the charlata 
divining rod or so-called 
stick.’’ The new methods 
glanee seem to be quite as myst: 
those of the water witch or oi 
As a matter of fact, there is a 
no comparison to be made bet 
two. The geophysical instrum 
ate in precisely the same way 1 
of the individual who obser\ 
They are in no sense depend: 
the psychology or other idios’ 
of the operator. Nor is ther¢ 
resentation that the physical a 
indicates directly the presence 
sence of petroleum. Geophys 
plorations depend upon perfe 
scientific principles and giv 
information coneerning certail 
teristics of the rocks in the 1 
hood of the stations at which t!] 
vations are made. These charact 


are of value as an aid in the int 


tation of the underlying rock st 
Where the structure is favoral 
wise to continue the search fo 
means of the drill. Where the st 
is unfavorable it is unwise t 
additional sums in drilling op 
In the last analysis, only the d 
reveal with certainty the prese1 
quantity of petroleum. 

The entire seclience of 
which has as its primary mot 
discovery of facts concerning t! 
rior of the earth, is still in m 
fancy. A most attractive f 
scientific research has at last b 


accessible, but only a tiny fractio1 


territory has thus far been e: 
There is need for much more k: 
in all departments of this new 
In the light of the present sit 
may be safely asserted that t 
twenty or thirty years will reve: 
times as much valuable informat} 
cerning the depths of the earth a 
available. 
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WHAT GERMS ARE MADE OF 


By Dr. WM. CHARLES WHITE 





Al AND CHAIRMAN OF T OMM 0 
ATIONA 0 ( 4 
AT 18S a germ A germ or bac-_ the tube always keeps its ; 
is the smallest living thing we’ found that this with its 
But in spite of its exceedingly little hole could be ma su 
: size it is among the most impor- only one of the g s when bi 
of all living things. Some germs’ contact with it under t micros 
indispensable to us—we could not and that then this one germ could 
ithout them—while others live at planted on new food to grow 
xpense, causing disease and death. of its own kind 
Germs are usually five hundred times As a result of the wor t 
small to be seen by the naked eye. men we ar b to grow enon 
inderstand what they are made of quantities of « nd rn 
must be familiar with the last few chemists and biologists can st dy 
rs of the journeys of man’s mind they are mad You s 
ly ‘What is the us stuc S 


the unknown, and with the evolu- he 1 of idyi 
Baas OP Well. a +h, ife of p 


of his special mechanical skill. thing 
0 great steps furnished our ability and animals and d 
separate individual germs and get the work of germs in natur S 
m in pure strains. The first was germs are essential e and oft : 
made by Dr. Robert Koch, of Germany, are very dangerous and « 
) discovered the tubercle bacillus and the diseases of plant ! ind mat 
nded modern bacteriology, and the Those plots of ground n fi 
tables, trees a rass 


second by M. A. Barbour in the United ers, veg 
States about twenty-five years ago. Dr. luxuriantly may e¢ 
Barbour is now in Lagos, Nigeria, and fifteen million busy germs 


studying yellow fever. f a square incl verms al 
Koch found that germs placed in’ many different st ( str 
sterile water and shaken vigorously, ng its own wo! such as taking 
hen poured on a glass plate covered gen from e suri ding 
P , 


wit! sterile solid food stuff like coagu- 


ed eve, would start colonies from in- 


dividual germs. By using a fine wire can use and pre ! 1) 
and touching one of these individual nitrogen which can be used by a ~ 
colonies he found that he could trans- and man. Germs set free ear! t] 
t one kind of germ on a new clean’ form of ecarbor t 
<i supply and that this germ strain the plants then ft up t t 
would multiply into other germs and chlorophyl o1 r colori ! 
that all the germs would be of one which, combi v sul ; 
kind. up the carbon dioxide nto sug 
Barbour found that he could pick out = starches and cellulos 
irom a suspension of germs one single animals and man. Any 01 
germ. He did this by using fine flint home-made wine or beet 
glass tubing drawn out to a microscopic watches the busy bubbling and 


size in a gas flame. When one does this ing that takes place car 
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breken up and turned over again into 


usable form in the grand cycle of car- 


} . | +10 < | ata tet , ) tira 
pon and nitrogen ana oxygen in nature, 


All our breadmaking, our tanning, our 


1 
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curing of tobacco, the making of vine- 









var and sauerkraut, our cheeses, the 
food of our silos, our wines, are carried 

on or prepared for us by germ actio 
But. as I have said above. germs are 
not always good to us for they also are 
| the diseases of 


plants, animals, and man. Is it any 


the cause of nearly al 


woncer then that scientists are forever 
searching for what they are made of 
and how they work? By being able to 
understand them he may be able to de- 
velop ways of helping the useful germs 
do their work better and Rrserstar id the 
work of the harmful ones. 

We now know many thousands of 
strains of germs more or less intimately. 
These are divided into classes, orders, 
families and species just as other living 
things are classified and every strain 
has its own peculiar work to do and its 
own peculiar way of doing it. You 
have heard how each species can be 
obtained in pure form and how each 
one of the germs in a pure colony is 
like every other germ. More than this, 
each germ is just one cell during both 
infant and adult life and because it is 
and 


biologist the simplest and purest form 


just one cell it offers to the chemist 


of studying the processes of living na- 
ture. It is not like man, made up of 
myriads of cells 

Until we understand the living chem- 
istry of individual strains of germs and 
the contrasts between the strains of a 
family we will still be groping in the 
dark in our efforts to understand all 
living processes. It is probable by 
searching for the chemical differences 


in strains of one family of germs, the 
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in water and a W Si 
to subtract tl sum I 
food from what is ft] 
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what the germs have n 
sible further to take ft 
the growth both from t 
and from the germs t 
find both their « 
what happens when v 
animals that . tl r bi 
The studies it have | 
by the Nati wl Tuber 
tion with money raised | 
the Christmas Seal vw 
illustration to show w t 
strains of the tubercle | 
germ which causes tuber 
In the acid-fast m 
which the tubercle bacillus 
are ome iit or mor 
There are three well 
the tubercle bacillus—t 
causes tuberculosis in ¢ 
that causes tuberculosis 
the strain that caus t 
chickens. To this sam 
long the various strains 
cause leprosy. The object 


which 
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family produces a wax nearly like bees- 


wax but in addition it produces several 
fats of very rare character. 

When we consider all these substances 
that germs are made of, it would seem 
that the hope of the future lies in a 
study of the comparative chemistry of 
the different strains of each family in 
a systematic methodical way so that we 


will know in what chemical units are the 





causes for the differences b 
germs of disease, and the ¢ 
help us. When we understa 
each family and each member 
family differs we can very 
strike at those differences in su 
as to make them either more 
the germ is a useful and hel 
or make them harmless if tl] 


dangerous. 


SOME POPULAR MISCONCEPTIONS ABOUT 
THE AMERICAN INDIAN 


By M. W. STIRLING 


CHIEF, BUREAU OF AMERICAN ETHNOLOGY, SMITHSONIAN INST TION 


WHEN I was a small boy, the Thanks- 
giving season always brought to mind 
rather confused pictures of the Pil- 
grim fathers alternately fighting off 
savage attacks of the Indians and re- 
ceiving from them gifts of corn, pump- 
kins and turkeys. The general impres- 
sion which I retained was that, while 
the Indians had oceasional altruistic 
outbursts, on the whole they were sav- 
age and undesirable neighbors. 

In the Peabody Museum at Harvard 
University is preserved what is prob- 
ably the oldest relic in the United 
States procured by white men from a 
living Indian tribe. This is an Indian 
bow dating back to the early New 
England colonial period. An ancient 
label still adhering to the specimen 
reads as follows: ‘‘Indian bow, taken 
from an Indian at Sudbury by John 
Goodenough, who shot the Indian.’’ A 
long and interesting tale of misunder- 
standing precedes the penning of this 
terse statement. 

In the year 1608, Edward Harlow 
was sent in a ship by Captain John 
Smith of the new Jamestown colony to 
explore the Cape Cod region. When 
he landed there and the Indians came 
out to meet him, he seized five of them 
and earried them off, taking them with 


him to England. The next 
hospitality encountered by the 
of the Plymouth region was 
Thomas Hunt was sent ther 
Jamestown in 1614 to deter 
desirability of the site for eol 
When he landed the Indians 
meet him in a friendly mar 
invited them on his ship and 
as they were aboard clapped t 
twenty-four in number, unde 
and carried them off to sell 
slaves to the Spaniards. On: 
Indians who later escaped was | 
back to Plymouth by Captain D 
who attempted to regain the g 
of the Indians of the region 
However, the natives, in view 
had happened on the two p 
Visits, were not in a mood to pai 
The next year, 1620, was the 
the landing of the Mayflow: 
Pilgrim fathers. It is not surp! 
that they had difficulty in maki 
tact with the Indians. The first s rt 
party that landed found severa 
from which the Indians had fled 
these were large pits filled wit! 
which the Indians had stored for t 


winter supply. The colonists pr 
robbed the pits of all the corn 
they contained and the houses of 
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of which they brought wit teers as W 
colonists ( ! iz out d ssuad su \ l , 
eaches of the neighbor! 1 had au S 
lition seve! craves were dug tur \ctu : I 
t rticies ar mpanving I amobdus i r sul S iI 
l H d it not be or I Ss ! \ S 
English-sp r India s rg 
been returned previous . 
( ptain Der? t | ( nists j S 
hablw never } ) red } t | . 
s ona frien basis i upon d 
} it thre net? ne 4 ( yluy » 4 
regard plant t] Kast th 
iid have failed from starva tives *‘hh S 
first year « S Inception, and Eat l 
ud have been no Thanksgiving (me! ( 
rots Si ! 
x erlence ( 7 \I < T< l t 1] 
is typlca t sort reet t natives. Bb 
Indians had 1 1 from tl had beecor 
rst land } S ! c ( | , 
t that many places the hac the 1 y Ss 
: to d d themselves st of the prol 
nd slavery gave rise to the bi tradit 
our list of conceptions ‘‘that a 8s eireu l 
lian 1s a dead India } I r To del nst nd 
espite his reputation to the cor were descendants { ‘‘Lost Tr 
the Indian was not by nature of Isra As the) 
uarly warlike Tribes that in similarities in the toms of prir 
days bitterly obstructed the inva peoples 
of the whites, were invariably, on an easy matte! 
t ntact, friendly and hospitable blanees betweer i 
Some of the tribes of the Great Plains and the early Heb) 
ticed a peculiar sort of warfare as Speculat yn did not stop at t } 
manner of gaining individual prestig« owt el Ene aay oe. 
the Aztecs seemed to be on the see resemblances } DVI 
rge of developing an idea unique and temples of Cent Aone 
ng Indians: that of supporting Mexico and thos f ancient E 
nselves by conquest. Most Indians, India Uthers ft! rit 
ever, avoided fighting whenever’ see the hands of the P] sO} 
ssible, but fought fanatically when Greeks in some of t ret : 
to it. Indians; in fact, most of t 
rfare among the Indians was not zations of FEuron \ nd A 
sa rule a tribal matter excepting in’ were each sup! d | writ 


se of defensive fighting for mutual some time to hay the point 


tection. War parties were organized origin of the India C1 
individuals, usually adventurous tion Not content wit having 
ing men. Any one might organize hausted all of the ki n eulture 


a party and collect such volun- of antiquity, enterprising theorist I 
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drawn upon mythical or assumed civili- 
zations in order to furnish parents for 
our orphan natives. The myth of 
Atlantis and the theory of a lost conti- 
nent in the Pacific have furnished 
colorful material for fanciful accounts 
or torgotten migrations, 

The story of tribes of ‘‘ White In- 
dians’’ is one of the most persistent of 
the legends connected with the alleged 
exotic origin of the Indians. As early 
as the seventeenth century Wefer noted 
the frequent existence of albinos among 
the natives of Panama, and there have 
been frequently occurring notices of 
these people since that time. The sup- 
posed ancestors of these groups have 
been variously attributed to the Norse- 
men, the Irish, and the Welsh. 

In connection with popular ideas of 
this nature there might be mentioned 
the widespread belief in the past or 
present existence of such abnormalities 
as races of giants, pygmies or people 
with tails. The folk lore of the Indians 
contains many tales of giants and 
dwarfs to which eredence has_ been 
given by white hearers in many in- 
stances. In old burials unskilled ob- 
servers have frequently mistaken the 
skeletons of children for those of 
dwarfs. The fallacious idea of a race 
of dwarfs is probably most prevalent in 
the Pueblo region of the Southwest. 
This is due partially to the finding of 
the mummies of children, and partly to 
the frequent occurrence of miniature 
storage rooms with small doorways 
these having been interpreted as the 
dwelling places of pygmies. 

Never a year passes without at least 
one newspaper report of the finding of 
the bones of an alleged giant. These 
finds when investigated invariably turn 
out to be the bones of large mammals, 
fossil or otherwise, supposed by the 
discoverers to be human remains. In 
some instances actual human remains 
in a burial have become separated in 


such a manner as to give to the un- 


trained observer the 
abnormal stature. 
It might be said at this 


the studies of anthropo 


la +p 4 l +} + +} \ 
Gemonstrater tha Lhe 44th) 
dians are essentially OI 01 


probably the basic ty 


Mone loid people s ot As 


sprung. 
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There are a number ol 


have long held general @ 


cerning the existence of pre 


non-Indian races in Americ 


believed for a long time that 


builders of the Ohio and 
valleys and the eliff dw 


southwestern United Sta 


only racially distinet from t! 


but possessed a elvilization 
them. These beliefs have 
spite of the fact that it i 
known that many of the m 


erected during historic tim: 


function described by early 


Many of the mounds whe 


} 


contain numerous articles of 


manufacture. The skelet 
facts found in the _ pr 


mounds show that their bu 


Indians with a culture diffe 


material degree from. th 
descendants. 

The pueblo dwellings ere 
cliffs in the arid Southwest 
way distinct from other pr 
ings either as to the natur 
of civilization of their occu 
to the period of occupancy 
dwellings were inhabited 
ously with the other south 
lages throughout virtually 
period of occupancy of this 
toric and prehistoric. We 
from the growth of tree ring 
beams found in the structur 
years in which they were ert 


of the principal eliff dwel 
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A DWELLER IN THE PINEY WOODS 


By Dr. FRANCIS HARPER 


VART 


] 
i 


‘counter 


ages the piney woods 
had their 


Ko t 


unt 


Island stood 


on Builly’s in 
matchless glory. Successive patriarchs 
of the forest had reared their topmost 


green sprays ninety or perhaps even a 
feet the blue Okefino- 
vhile the 


hundred toward 


kee skies, seasonal breezes had 
played upon their needles, sending down 
Aeohi 
veneration 


Here 


bowmen, including Chief Billy Bow 


in music to charm each pass- 
r 


SOt-tT 


lig 


of men, whether red o 
| Seminole 
] 


i 


white had roamed the 


OS 


when deer had been as numer- 


1 ie 
himseit, 


ous as the cattle of later days. Here 
the Confederate deserter had made him- 
self a snug retreat during troublous 
war-times. Here Maurice and Will 
Henry Thompson had come in 1866 on 


the region, 


their earliest excursion to 
finding a rich field for their literary 
gifts. At about the same period James 


ot the 
here a 


great-grandfather present 
had settled 
winning livelihood 
wilderness about 
historic ground, this had seemed, at my 
first rapturous sight of it in 1912, one 


Lee, 
inhabitants, S a plo- 


the 
being 


a from 


neer, 


him. Besides 


of the loveliest of earthly spots. 
Nine later the 
trunks of the pines, both longleaf and 


years great brown 
slash, bore the fresh sears of the turpen- 
tiners—those melancholy forerunners of 
the axmen and sawyers. Even so there 
were delights in store for one roaming 
through the gladelike on this 
morning of May 16, had been 


cloudy and lowery since dawn. 


woods 
which 
For a 
day and a night previously there had 
been rain in the great swamp. All the 
still wet; 
and 
‘ain-drops 


undergrowth was saw- 
huckleberry 


with 


low 
gallberry 
I 


In 


palmetto, 


spattered me as 


brushed through their thick ranks. 


IMORE, 
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almost any direction my vi 


for a quarter of a mile thro 


open woods. The vegetat 

fairest and greenest, and s 
life was near its fullest tid 
Okefinokee mid-May is m 





The 
woods sparrow was fitting n 
bob 
the brown-headed 


than spring. chant 


outdoor cathedral; the 
its name; 





chattered to each other in t!) 
the trill of the pine warble) 
almost as soft and mellow 


muring of the trees in whic! 


home; and now and again ot 
inhabitants of the piney we 
the joree, the yellow-throat 


‘ 


and the wood pewee, contril 

notes to the general chorus 
Presently I became awar: 

addition to these songs and 


some 


the pines 
sounding from thers LOW! 
Did this of 


from bird or amphibian? 


here, 


elfin sort music 


on the ground, a1 l 
bushes or in the trees? H 


For long I could 1 


the authors 


were they? 


headway in solving thes ling 
Whenever I endeavored to f 
the sounds to its source, it 

or retreat, only to be heard 

points. The thing was utterl) 

I was becoming fairly desper 

eventually I hit upon an exp 

often works in such cont in 
Carefully getting a bearing 

the sounds from a certain dir \ 
moved off at an angle for som r 
then got a bearing from anot! 

tion. It now merely remained 

eeed toward the point of inters 

these imaginary lines, which lu l 
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isly advancing in this manner, had 


eovered a yard when 
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+» ] | fall A hovel 


blackish toad, with a pale golden streak 


n its back. made a sheht moveme} withil ' . : 





among the grass and saw-palmettos bi Islands, Stl is B s H 
me | Chesser’s and B 
Bufo quercicus, the oak toad! Her 
s a prize indeed No longer no! 


ler than the last joint of my for 
North America. if not of the entir 


rid It scarcely attains one tent! 


finger, it is by all odds the smallest But 


the bulk of its big cousins, the America 
and the Southern toad. From th 
babies of these species 1f may be readili 
told by its vertebral streak, its relativel 
smaller head and the bright orange dots 
it its legs. 
While the little fellow before me re 
mained placid and silent, others not Tar 








‘continued at intervals their plaintive FIG.°. THE OAK TOAD IS CONSPI! 
high-pitched peepings: pheep-pheep, PLACED 0 
pheep-pheep, pheep-pheep pheep, pheep Co 4, CHA on Co G 
pheep-pheep-pheep. After several min ] 








THE SCLENTIFIC MONTHLY 


and July are in the midst 
season. Snakes of various 
peared unusually common on 
island, perhaps because of int 
of both fires and men On 
hand, it may be noted that b 
islands appear somewhat 
damper than other islands of t 
where the toads are more num 
the absence or comparative si 
oak toads in wet and intermed 
barrens very likely indicates 
preference for the driest parts 
piney woods. 

Although the larger toads ot 


THE OAK TOAD’S PROTECTIVE 
American, Southern and Fowl 


COLORATION 

-. mostly ecrepuscular or noetu 
aren uP NELIA, CHARLT habits, the oak toad is frequent 
1, May 24, 1929. abroad and heard calling « 


ll} 
lu 


brightest hours of the day. Pr 
rounding region it ranges widely, being tiny size enables it to escap 
particularly abundant on Trail Ridge, hazards that might befall th: 
between the swamp and the St. Mary’s toads if they braved the dayliy 
River. Since the driest areas are gen creat an extent as it does. Furt 
erally covered with pine barrens (in- its variegated color pattern is 
cluding the so-called ‘‘oak ridges’’), the protective in its normal surr 
toad is a very characteristic species of Kig. 3). When alarmed, it is 
this habitat, living among the saw cower down, with head held clos 
palmettos, gallberries, huckleberries, oak ground, so as to render itself st 
runners, wire-grass and other vegetation inconspicuous than usual 


making up the undergrowth. Rarely have IL been able to 


The oak toad gives an impression of what sort of a retreat it elects 1 
being particularly numerous at no great its inactive hours. Once, on 
distance from the habitations of man. slab of wood lying on the ground 
Is this perhaps correlated with the fact pine barrens, I found an oak toa 
that man tends to exterminate snakes, pying a little hole beneath it, al 
which must be among the principal inch and a quarter in depth 
enemies of the species? Or is itasimple eighths of an inch in diameter 
expression of the desire of both men and other time, while I was try 
toads to occupy the driest available areas maneuver one into position for 

in this low country? In this connection graph, it suddenly backed down 

I recall several days of heavy rainfall on  three-quarter-inch hole in the g 
uninhabited Black Jack Island in July, where it remained peering out 
and several days of variable June’ entrance. Probably the use of suc! 
weather on Bugaboo Island, where the for hiding-places is a general habit 
only habitation was a small turpentine’ the oak toad, as it is with its cong 
camp, just established. I recorded no the Southern toad. 

oak toads on Black Jack and only a few As a vocalist, this is one of the 
solitary calls on Bugaboo, though June remarkable of the twenty species o! 
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may have to leave one arm entirely sus 
pended in the air (Fig. 4 The comical 
inflation of the tiny toad, combined with 


its earnest demeanor, makes a spectacle 


to be long remembered. 
In 34 calling periods of several dit 
ferent individuals in June, the num 


ber of peeps ranged trom 8 to 34, 


with an average of about 23. When the 


toad is in lusty voice, the intervals be 
tween calling periods last for only two 
or three seconds. The rate of ealling 
varies from about 1) to 2 peeps per 
second. The slower rate has been noted 
after the toads had been ealling for 
hours and were perhaps becoming ex 
hausted. The individual peeps are not 
given at uniform intervals. There is 
usually an appreciable pause between 
every few peeps, but marked variation 
renders it impossible to reeord a typ- 
ical series of notes. The following will 
serve as random examples: pheep-pheep, 
pheep-pheep, pheep-pheep, pheep-pheep, 
pheep; and pheep-pheep, pheep-pheep 
pheep, pheep-pheep-pheep, pheep-pheep 
pheep, pheep-pheep-pheep, pheep-pheep 
pheep, pheep pheep pheep, pheep pheep 
pheep.* These ealls of the males serve 
a biological function in attracting the 
females to the bodies of water where 
mating is to take place 

Fair-weather calls, whether diurnal or 
nocturnal, are generally rather desul 
tory. But when multitudes of the oak 
toads forgather during or after espe- 
cially copious summer showers, the din 
produced by the elfin bagpipers is sim 
ply ear-splitting. Several such gather 
ings stand out in my memory. Two 
occurred in the late afternoon in rain 
filled depressions in pine lands—one on 
Honey Island on July 3 and one near 
Hilliard, Florida, on August 16. Others 
were at night—at a cypress pond on 
Chesser’s Island, July 16, and in a 

1The notes joined by hyphens are given in 


rapid succession, while the commas indicate 


pauses, 





On this last occasion, pa 
eardrums were in a fair 
we had to shout to eacl 
ourselves understood, and s 
the effects in our ears for s 
afterwards. In sucl 
certainly no Sate 1Indey 
During these extraordinar 
voeal activity, when the n 
is upon them, the oak toads 
different, even by day, to ; 
Ing within a yard 

During the mating seas 
parently extends from Ma: 
each female probably dep 
several different periods \ 
midnight on June 22, after 
of the previous afternoon, | 
act of oviposition in a ro 
near Spanish Creek wes 
The male maintained an 
with its right hand, and a sup 
hold with the left. The pa 
along a few inches at a tin 
use of their six free limbs 
came to a definite pause eve 
or so, some eggs were expe 
tilized. While they procee 
the next stop, a curious 
string or two of five or six 
could be seen dangling fron 
soon to become detached on a ¢ 
or other object in the water | 
observed instances, the string 
not fall to the bottom of the sl 
Within another day or so this 
more or less completely dri 
so the laying had gone 1 
Since many of the waters in 
oak toad breeds are of a very 
nature, the mortality among thi 
larvae must be very high. 


+ 
i 


In common with some of th 
the oak toad seems to pale out s 
at night, its color pattern b 
lighter and more distinetly va 
Its somber diurnal appearance 
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between the two substances was long consists of four pyrr 
known to physiologists, but the exact identical structure 
nature of the relationship was in need of ring structure 
explanation In course of time it was” atoms and 1 nitroeen 
found that substances related to he matin are combined by links ol 
have a wide distribution in living cells into a larger rine contain 
of animal and plant origin and also in ¢arbon atoms The rema 
non-cellular tissues of all forms of lite carbon atoms. 14 in number 
The nearest relative of hematin is the (distributed as side ehains 
chlorophyll present in all green plants. — pyrrolnuelei Informatio) 
Thus it is seen that the problem distribution was obtained 


of the structure of hematin and re- py the process of clea 


lated substances had engaged the in the formation of thi 
Tres yf OLOCISTS ‘ a yf ‘ne j S 
terest of biologists and chemist and hemapyrrol acids 


for a very lone time and, indeed af the structure af then 
to Willstiitter the Nobel Prize had 


speculation, the moleeul 
already been awarded for his contribu 


been reconstructed. Hans F 
tion to the chemistry of chlorophyll and 1 4) 


nes a ever, reconstructed 
Willstitter already had suggested a 


theory of the structure of hematin 


hemin experimentally step b 


Kuster, in 1912, advaneed a theory of contributing much to the ki 
structure of hematin which is not much the pj rrolderivates, tl! - 
different from the one evolved by Hans P¥trolnuelei through a carbon 
Fischer. The question here again arises w single complex, and, 
as to the unusual merit of the work of linking these complexes into su 
the latter. The answer is found in the tain the skeleton of the 
writings of Hans Fischer himself. The consisting ol . system ol 
colored component of hemoglobin as nuelel as it occurs in hemi 
first crystallized has the composition he succeeded in producing in 
c; ne N,O,F.Cl, henee it consists of 76 


‘ 4 


atoms. <A theory of structure of the 


tory hemin as it oceurs in nat 
Hans Fischer began his 


substance must represent such an ar- with a studs of bilirubine, th 
rangement of the atoms with respect to Me". and a relationship 
each other which expresses all its prop- the urine pigment rhe \ 
vun at the suggestion of Prof: 


rich Miller, the great elinik 


assistant Fischer then was 


erties and all its transformations. 
Often, however, several closely related 


arrangements may express sufficiently 
well the properties of a substance and scarcely have predicted, at 
the aslection of the truce may present that this modest beginning 
creat difficulties. In discussing his own “0 the elucidation of a1 cavcus 
speculations as well as those of other = Pee Serene 
workers, Hans Fischer repeatedly em- life with a poomeae o! part 


phasized that the truth of the theory 
ean be demonstrated only by synthesis 


coveries. It must be emphasi 
ingenuity of mind and vir 


and such a proof has finally been fur technique alone were not sufi 
4 . » mn . acco Ss he * ol 7 scher 
nished by himself. To realize the mag- ®¢¢omplish the work of Fischer 
nitude of the achievement it is necessary quired, in addition, the gil 


to understand that the porphyrine (the 
iron and chlorine free part) of hemin P. A. L 


ship and organization. 





